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ABSTRACT 
 
South African School Curriculum, calls for the integration of IKS within school 
science (Department of Education, 2006, Department of Basic Education, 2011). Lightning is 
an area of high interest in the Eastern Cape and is used as the topic in this study which 
focuses on the integration of indigenous knowledge systems in science education.  
The study investigated the impact of an intervention strategy framed around the use of 
scientific argumentation and the integration of everyday knowledge and indigenous 
knowledge systems (IKS) into the teaching of electrostatics at Grade Ten level. The impact 
focused on the teachers’ ability to implement the strategy, the electrostatics knowledge 
gained by learners, the learners’ argumentation ability, and the motivational and confidence 
levels of both teachers and learners. The sample comprised eight schools (the science 
teachers and their Grade Ten Physical Science learners) in the Uitenhage District of 
Education of the Eastern Cape Province of South Africa.  
Qualitative data were generated via interviews, classroom observations, pre- and post-
test questionnaires with open-ended questions to evoke meaningful responses that could not 
be anticipated by the research, and argumentation writing frames for both teachers and 
learners. Limited quantitative data were generated via the argumentation writing frames and 
the more close-ended questionnaire questions.  
The findings of the teacher and learner argumentation frames and the teacher 
checklists which revealed that the intervention impacted positively on the teachers’ ability to 
integrate IKS into their teaching practice. The use indigenous knowledge as the context for 
argumentation appears to have been a more effective way of introducing the concept than 
doing so within a scientific context (which the learners found difficult). The intervention 
xvi 
facilitated an enhanced level of understanding on lightning, and assisted with the creation of 
the “third space” and border crossing between IKS and western science. 
The individual interviews disclosed the teachers’ improved ability to integrate IKS, 
IKS improving the facilitation of the argumentation strategy, and their improved motivation 
and confidence.  
 
Key words: Indigenous knowledge systems, electrostatics, scientific argumentation, 
integration, intervention programme, third space, border crossing, motivation and confidence. 
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CHAPTER ONE 
INTRODUCTION AND OVERVIEW 
1. INTRODUCTION 
The incorporation of indigenous knowledge into science teaching and learning is an 
explicit aim of the South African educational curriculum (Department of Education, 2003). 
However little assistance is provided to teachers as to how to implement its inclusion, or has 
any motivation been given as to why it should be included (De Waal, 2004; Pabale, 2006). 
Electrostatics, especially as experienced as lightning, is an area of the science curriculum that 
could potentially incorporate indigenous knowledge (Webb, 2011). Lightning is a 
phenomenon of high interest amongst the general population in many areas of the world 
(Ogunniyi, Jegede, Ogawa, Yandila, & Oladele, 1995) and is of particular interest to 
populations in areas of relatively high lightning strike intensities, such as the Eastern Cape, 
South Africa (Meels, 2007; Moodie, 1990; Webb, Ogunniyi, Sadeck, Rochford, Dlamini, & 
Mosimege, 2006).  
Scientifically, lightning is explained as an electrostatic phenomenon. It forms part of 
the Physical Science curriculum in the Further Education and Training band of the schooling 
system in South Africa. However, many teachers and learners in the Eastern Cape hold views 
of lightning based on indigenous and everyday knowledge (Meels, 2007; Moodie, 1990; 
Webb, 2011). As electrostatics is a topic that is introduced in the Grade Ten curriculum of the 
newly introduced Curriculum and Assessment Policy Statement (CAPS) aspect of the 
repackaged South African National Curriculum Statement (Department of Basic Education, 
2011), it provides a convenient focus for investigating the effects of a strategy that proposes 
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to enable Grade Ten science teachers to integrate everyday knowledge, indigenous 
knowledge and scientific argumentation in the teaching of electrostatics. As such, 
electrostatics was chosen as the topic focus for this study, which examined the effects of 
using an argumentation-based approach to promote the use of indigenous knowledge to assist 
the process of border-crossing from everyday beliefs to scientific understandings for a more 
meaningful understanding of the concept (Hodson, 2009). 
2. BACKGROUND  
Research has highlighted the difficulties and barriers faced by students from a non-
Western background when learning science (Borba, 1990; Jegede, 1995; Cobern, & 
Aikenhead, 1998; Aikenhead, 2000, 2006). Explanations given for these difficulties and 
barriers are that a scientific worldview sometimes collide with aspects of traditional cultural 
worldviews, and that this may discomfort and alienate students, causing them to opt out of 
science at school (Malcolm, 2007). Hodson (2009) notes that students with a pre-existing 
worldview that is not in harmony with scientific perspectives will find it more difficult to 
learn science, because it may not make sense to them in terms of their underlying 
assumptions and values. Even students who have grown up in a Western culture, but who 
have strong religious, spiritual or aesthetic conceptions of the natural world, experience 
science as a threat to the long-standing beliefs and values that underpin their personal 
identities (Cobern, 1996; Roth, & Alexander, 1997; Webb, 2011) 
In response to these concerns, Jegede (1995) and Aikenhead, & Jegede (1999) 
propose a notion of ‘collateral learning’, in terms of which students hold and develop 
Western scientific thinking alongside traditional knowledge. In turn, Lubben (2011) calls for 
everyday knowledge, which he sees as useful knowledge in terms of making sense of 
everyday experiences, to be included in science teaching and learning. However, others argue 
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that the epistemological underpinnings of the activities of science, and the ontological 
characteristics of the resulting knowledge, are stable and robust enough to demarcate science 
as something separate from traditional knowledge and warn of the dangers of not setting 
boundaries for the limits of the discipline (Good, & Shymansky, 2001). Taking these stances 
into account, Ogunniyi and Hewson (2008) promote an argumentation-based approach as a 
way of implementing a curriculum which incorporates science, everyday knowledge and 
indigenous knowledge in ways that allow for reflection on both the natures of science and 
indigenous knowledge. The adoption of such an approach in the South African context must 
be viewed against the background of political developments in South Africa post-1994 and 
the concomitant curricular demands on teachers, notions of indigenous knowledge and 
science. 
2.1 Political background 
The African National Congress, which was elected South Africa’s first democratic 
government in 1994, implemented Curriculum 2005 as part of its social transformation 
education agenda to promote equity and improve the quality of education for all South 
African children. Curriculum 2005 was revisited as the Revised National Curriculum 
Statement (Department of Education, 2002), and the National Curriculum Statement 
(Department of Education, 2003). Throughout these stages, the Department of Education 
acknowledged the value of Indigenous Knowledge Systems (IKS) in the Natural Sciences 
curriculum (Department of Education, 2002; 2003). IKS was included as part of learning 
outcome three in the science curriculum; which focuses on the nature of science and its 
relationship to technology, society and the environment. Acknowledgement of the value of 
IKS was retained in the restructured Curriculum and Assessment Policy Statement (CAPS) 
for implementation at Grade Ten level in 2012 (Department of Basic Education, 2011). 
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The Minister of Basic Education, in her foreword to the CAPS document mentions 
that the national curriculum has emerged from efforts over seventeen years to transform the 
curriculum handed down by the apartheid government prior to 1994. She refers to the aims of 
the South African Constitution (Act 108 of 1996) namely to: 
• heal the divisions of the past and establish a society based on democratic 
values, social justice and fundamental human rights; 
• improve the quality of life of all citizens and free the potential of each 
person; 
• lay the foundations for a democratic and open society in which 
government is based on the will of the people and every citizen is equally 
protected by law; and 
• build a united and democratic South Africa able to take its rightful place 
as a sovereign state in the family of nations. 
(Department of Basic Education, 2011) 
Apart from the political imperatives alluded to above, Physical Science and 
Mathematics are subjects that are held in high esteem in South Africa, and many parents urge 
their children to select these subjects with the hope that this will prepare them for better 
career opportunities. As noted in the Centre for Development and Enterprise report 
(Bernstein, 2004)  
“…maths and science education is the foundation for so many jobs in our 
economy. From the professions, to management to commercial farming to 
construction and factory work - increasingly maths is a critical component of 
getting ahead”.        (Bernstein, 2004, p. 1)  
5 
Yet, despite government’s reconstructive policies and efforts to improve science and 
mathematics education, schools that serve learners from historically disadvantaged 
communities have problems in acquiring qualified science teachers, face backlogs of 
resources and suffer from a lack of infrastructure; all of which impacts negatively on science 
and mathematics achievement (Reddy, 2006).  
2.2 Teachers and the curriculum 
There is a widespread acceptance that teachers with limited subject content 
knowledge (SCK) experience a lack of confidence find it difficult to engage their learners in 
open discussion. These teachers will generally use strategies such as rote learning and avoid 
authentic and practical engagement in science (Taylor, & Vinjevold, 1999). Such an approach 
often results in learners losing interest and failing to understand the content and the concepts 
that the teacher is attempting to teach (Taylor, & Vinjevold, 1999). As such, apart from the 
political (curricular) imperatives that framed this study, it was based on the realities that 
teachers’ experienced in terms of their preparation and ability to teach what is required of 
them by a new curriculum; in this case the inclusion of indigenous knowledge in science 
teaching and learning. 
As noted earlier, the Department of Education (2003) highlights valuing indigenous 
knowledge systems as one of the principles of the National Curriculum Statement. The NCS 
Grades 10 – 12 (General) acknowledges the rich history and heritage of our country by 
including indigenous knowledge systems into the Subject Statements. A variety of 
perspectives are also included to assist problem solving in all fields. 
The Physical Science Curriculum and Assessment Policy Statement (CAPS) 
document refers to the need for society to understand how the physical environment works in 
order to assist the general population in benefiting from it and be in a better position to care 
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for it responsibly. CAPS promote the use of all scientific and technological knowledge, 
including indigenous knowledge systems (IKS), to deal with such challenges faced by 
society. It adds that indigenous knowledge is knowledge that communities have held, used or 
are still using; is something that is passed on through generations; and has been the basis of a 
variety of innovations and developments, including scientific developments (Department of 
Basic Education, 2011). 
Electrostatics refers to the build up of charges within a particular object, where the 
charges remain stationary (Broster, Horn, & James, 2011; Dilley, Hall, Ndwandwe, & Tsipa, 
2005). It is something that happens naturally and is exacerbated by dry weather conditions 
(Kelder, 2005). As lighting strikes are the result of static electricity build-up, and as there are 
many everyday and indigenous notions and interpretations of what lightning is and where it 
comes from, this study investigated whether a curriculum intervention programme could 
integrate the everyday knowledge, IKS and scientific views of Grade Ten learners to promote 
learner argumentation, achievement and motivation; as well as teacher confidence and 
commitment. 
2.3 Indigenous knowledge, teacher knowledge and scientific argumentation 
Aikenhead (1996, p. 219-220) conceptualises culture as the “norms, values, beliefs, 
expectations, and conventional actions of a group” and highlights that science tends to be 
viewed as a “Western cultural icon of prestige, power, and progress”; a process that could 
threaten indigenous cultures. For this reason, amongst others, it is argued that IKS should be 
integrated in the teaching of science in order to value the cultural knowledge of any given 
community. 
The World Bank Group website (27 January 2012) reveals that indigenous knowledge 
is relevant on three levels of the development process, namely: 
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• It is most significant for the local community in which the holders of such 
knowledge live and construct.  
• Development agents need to recognise the value and appreciate it in their 
interaction with the local communities. Before incorporating it in their 
approaches, they need to understand it – and critically validate it against its 
usefulness for their intended objectives.  
• Indigenous knowledge forms part of global knowledge. In this context, it has a 
value and relevance in itself. Indigenous knowledge can be preserved, 
transferred, or adopted and adapted elsewhere. 
When designing or implementing programmes or projects with IKS, three scenario’s 
can be observed: the development strategy either  
• relies entirely or substantially on indigenous knowledge, 
• overrides indigenous knowledge or, 
• incorporates indigenous knowledge. 
(The World Bank Group website, 27 January 2012) 
This study elicited and incorporated the indigenous knowledge of the participants with 
reference to their views on lightning. The aim was to investigate the effects of an intervention 
strategy that utilises Toulmin’s Argumentation Pattern, as incorporated in Langenhoven, 
Kwofie and Ogunniyi’s (2008) Dialogical Model for the Evolution of Cognitive 
Development on Grade Ten Physical Science learners’ argumentation, achievement and 
motivation. The intervention strategy aimed at developing the teachers’ knowledge of 
lightning, presenting them with a strategy to include the learners’ indigenous knowledge into 
the teaching of lightning, and contributing to raised confidence and commitment. 
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Shulman (1986) conceptualises seven categories of teacher knowledge, which include 
three with an unequivocal focus on subject matter knowledge, pedagogical content 
knowledge and curricular knowledge. Subject matter knowledge (SMK) refers to knowledge 
of the content of the subject or topic, SMK consists of substantive knowledge which include 
key facts, concepts, principles and explanatory frameworks of a subject, while pedagogical 
content knowledge (SCK) refers to the nature of a subject, and how new knowledge is 
introduced and accepted in that community. For Shulman (1986), pedagogical content 
knowledge (PCK) consists of the ways of in which the subject is represented in order make it 
comprehensible to others. In addition PCK incorporates an understanding of what makes the 
learning of particular topics effortless or complicated. Finally, Shulman (1986) describes 
curricular knowledge as knowledge about the extent and progression of teaching programmes 
and the materials used in them. It is these aspects of teacher learning that are considered in 
terms of the design of the intervention strategy using argumentation. These three aspects of 
teacher knowledge are seen as necessary to effectively developing scientific knowledge in 
children. 
Contemporary views in the philosophy of science accentuate that science not simply 
entails an amassing of facts, but that it involves the construction of theories that aim to 
provide answers as to why things are explained as they are (Giere, 1991; Kitcher, 1988). 
Driver, Newton and Osborne (2000) focus on the analysis of argumentation discourse in 
education contexts, highlighting the importance of discussion in the attainment of scientific 
knowledge. Kelly and Chen (1999) highlight that from a sociocultural point of view, 
argumentation is a vital tool in the learning of science through the use and discussion of 
community practices for cognitive development which, in this case, refers to the infusion of 
IKS into the learning of science by allowing teachers and learners to reflect on their 
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understanding of science, everyday knowledge and indigenous knowledge via a process 
based on argumentation. 
2.4 Curriculum and the uptake of teacher professional development 
Tyler (1949) views the curriculum as a plan of instruction; while Ornstein and 
Hunkins (2009) note that the curriculum can be viewed as a system, a field of study or as 
subject matter. Ornstein et al. (2009) add that any definition must include what the 
curriculum is, what its purpose is and how it impacts on learners and teachers. Meyer (2002) 
mentions that prior to implementing a curricular intervention one is required to carefully 
consider the complexity of the setting and how the intervention may impact on the 
performance and behaviour of the ‘recipients’.  
As such, he believes that an implementation programme should be planned and set up 
as follows: 
• Plan to develop the intervention itself – to include the identification of the 
internal and external resources required to complete the development in term of 
timelines, budgets, experts’ roll-out dates and milestones. 
• Plan a strategy to ensure commitment throughout the interventions. 
• Analyse the target population. 
• Analyse the intervention sequencing. 
• Review the intervention implementation  
(Meyer, 2002, p. 139) 
Harland and Kinder (1997, p.71) believe that “to get good at change” teachers must 
participate in continuous professional development (CPD) and/or in-service education and 
training (INSET). This study considered the possible effects of a curriculum intervention via 
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in-service education. As such, this aspect will be discussed in more detail in Chapter Two of 
this research report. 
3. STATEMENT OF PROBLEM 
Many South African teachers do not have the knowledge and skills to teach science 
and mathematics effectively (Asmal, 2002; Taylor, & Vinjevold, 1999). Where teachers do 
not have the necessary qualifications, skills and knowledge, they promote rote learning and 
rely heavily on the prescribed textbooks (Nkabinde, 1997). In situations where teachers lack 
effective subject knowledge and pedagogical skills, effective teaching cannot take place, 
professional confidence decreases, and motivation levels drop (Mumba, Rollnick, & White, 
2002). Additionally, the already high levels of levels of anxiety and uncertainty that exist in 
poorly trained, unqualified and under qualified science teachers are exacerbated by factors 
that limit the effective integration of indigenous knowledge by such teachers, such as the lack 
of training and materials provided by the Department of Education for the integration of 
indigenous knowledge into the science curriculum (Pabale, 2006). 
As noted earlier, students with a pre-existing worldview that is not in harmony with 
scientific perspectives will find it more difficult to learn science, because it may not make 
sense to them in terms of their underlying assumptions and values. Hodson (2009) believes 
that such learners must be helped to cross the borders between the scientific theory that they 
are expected to learn, and the everyday and indigenous knowledge that they carry with them 
every day of their lives. In an attempt to investigate possibilities to address this problem, at 
least in part, the Nelson Mandela Metropolitan University proposed a curriculum intervention 
programme for 2012 in selected schools in the Uitenhage district of the Eastern Cape. This 
programme focused on enhancing teachers’ SCK and PCK by presenting them with 
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opportunities to infuse IKS and everyday knowledge into the teaching of electrostatics via a 
process of explicit argumentation.  
Electrostatics is a section of the Science syllabus that is covered throughout the 
Further Education and Training band (Grades 10 to 12). Explanation for the cause of 
lightning are deeply rooted in the belief system of the indigenous isiXhosa community. 
Therefore electrostatics appears to be a well situated topic for integrating indigenous 
knowledge when teaching science (Webb, 2011). As such, this study was designed to 
investigate the implementation and effects of an intervention that drew together scientific 
argumentation, indigenous knowledge and everyday knowledge when teaching electrostatics 
in Grade Ten science classes. 
4. RESEARCH OBJECTIVES 
The overall objective of this study was to investigate the effect of the electrostatics 
curriculum intervention programme on teaching and learning in electrostatics at Grade Ten 
level. The specific objectives were to investigate whether the electrostatics curriculum 
intervention programme would: 
• enable teachers to successfully implement a strategy for teaching electrostatics 
based on indigenous knowledge, everyday knowledge and scientific 
argumentation; 
• improve learner argumentation/achievement in electrostatics; 
• improve learner confidence and motivation; 
• improve teacher confidence and motivation 
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5. PRINCIPAL RESEARCH QUESTION AND SUB-QUESTIONS 
The principal research question that underpinned this study was: 
What is the effect of a strategy framed around learners’ indigenous knowledge, 
everyday knowledge and scientific argumentation on the teaching and learning of 
electrostatics at Grade Ten level? 
The following sub-questions needed to be answered to answer the principal research 
question: 
• Can teachers successfully implement a strategy for teaching electrostatics based 
on indigenous knowledge, everyday knowledge and scientific argumentation? 
• What effect does successful implementation of the strategy have on learner 
argumentation/achievement in electrostatics? 
• What effect does successful implementation of the strategy have on learner 
confidence and motivation? 
• What effect does successful implementation of the strategy have on teacher 
confidence and motivation? 
6. RESEARCH PARADIGM 
A paradigm is a set of fundamental beliefs that characterises one’s world view 
(Denzin, & Lincoln, 2000) and that dictates the type of questions and research direction of 
the study (Struwig, & Stead, 2010). The ontology and epistemology of the researcher and 
methodology used in this study framed the research within an interpretivist paradigm (Terre 
Blanche, & Durrheim, 1999). Kraus (2005) explains epistemology as the philosophy of 
knowledge or the way in which we get to know things, while ontology involves the 
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researcher’s perception of reality. The perception of reality comes from an individual’s 
subjective experiences. 
Interpretivism allowed the researcher to identify phenomena from the point of view of 
the participants, looking at their behaviour and their cultural norms (Hennick, Hutter, & 
Bailey, 2011). Briggs and Coleman (2007) highlight the following implications for 
interpretive researchers, namely that they: 
 are part of and not separate from the research topics they investigate. 
 must explore the ‘meanings’ of events and phenomena from perspectives of the 
subjects. 
 must not to distort what research participants have said or written with personal 
interpretations.   
(Briggs, & Coleman, 2007) 
7. RESEARCH DESIGN AND METHODOLOGY 
Research design and methodology refers to the research methods that will be used in 
order to arrive at the findings and cover what is to be done, to whom it will be done, and how 
it will be done during the investigation. The research design supplies the general structure for 
the procedure to be followed during the data collection and data analysis stages of a research 
study (Mouton, 2001; Leedy, & Ormrod, 2005). As noted earlier, the design of this study was 
to introduce a curriculum intervention programme to improve teachers’ subject and 
pedagogical content knowledge in terms of integrating everyday knowledge, IKS and 
scientific argumentation into their teaching. Schwandt (2007) describes methodology as 
theory supporting the procedure of an inquiry. This includes the analysis of assumptions, 
principles and procedures. Furthermore, methodology entails the methods used in collecting 
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evidence, the steps followed to analyse the collected data, and the manner in which the 
findings are presented. 
As such, research methodology may be described as to include:  
Information on the population and the sample of the study, giving a description of the 
specific techniques to be employed, the specific measuring instruments to be utilized 
and the specific series of activities to be conducted in making measure and a 
discussion on validity and reliability, whilst also detailing the ethical considerations 
employed during the investigation. 
(De Vos, Strydom, Fouché, & Delport, 2002, p. 120) 
The focus of this research project was teachers’ ability to include learners’ everyday 
knowledge, their indigenous knowledge systems, as well as scientific argumentation in the 
teaching of electrostatics, with specific reference to lightning. The process was monitored and 
measured using pre- and post-test questionnaires, argumentation writing frames, checklists by 
both teachers and learners; and interviews and journal keeping by teachers. The research 
design and methodology employed will be discussed in more detail in Chapter Three. 
7.1 Sample and setting 
Collins English Dictionary (2009) defines a sample (specimen), as a small part of 
anything that is proposed as representative of the whole. When dealing with people, it can be 
defined as a set of participants selected from a larger population for the purpose of a survey. 
De Vos et al. (2002) point out that we study a human sample in an attempt to generate an 
understanding of the population from which it was taken, but with the understanding that the 
findings are not generalisable, as is the case in true experimental designs. This study used 
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purposeful sampling, as it illustrated characteristics of particular subgroups of interest and 
facilitated comparisons between the different groups.  
The participants included one Physical Science teacher each from eight selected high 
schools from the 34 high schools in the Uitenhage District in the Eastern Cape Province of 
South Africa that offered Physical Sciences as a subject. The reasons for selecting these 
particular schools will be elaborated on in Chapter Three.  
7.2 Research approach 
Research can be classified into two major approaches, namely a quantitative and a 
qualitative approach. A quantitative approach is statistical in nature and seeks to confirm a 
hypothesis and quantify variation. This approach is fairly inflexible and usually uses closed-
ended questions, a large sample, random sampling, and pre-post testing. It may focus on a 
specific aspect of behaviour, which is then quantified.  It requires the researcher to stay 
‘objective’ during the systematic process of transforming statistical data to obtain information 
about the world (Leedy et al., 2005). If it can be argued that the aforementioned have been 
attained, the results that are deduced are considered to be generalisable. 
A qualitative approach deals with the experiences of the participants, focussing on the 
human side of an issue, by exploring how people feel and why they feel the way they do 
(Bloomberg, & Volpe, 2008). The sample is often small, and questions are open-ended. The 
open-ended questions create flexibility in a qualitative approach. The outcome is not 
necessarily a single truth; there may be multiple perspectives held by different individuals. A 
qualitative research study serves one or more of the following purposes: Description, 
Interpretation, Verification, and Evaluation. 
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This research study largely presents qualitative data generated via interviews, 
classroom observations, checklists and questionnaires, with mostly open-ended questions, to 
evoke meaningful responses that cannot be anticipated by the research, and pre-post 
argumentation writing frames for both teachers and learners. Some quantitative data were 
generated via the checklists, argumentation writing frames and the more close-ended 
questionnaire questions; data which were explained and triangulated using the qualitative 
data. This approach (using mixed methods) is supported by Hall and Howard (2008), who 
propose that neither qualitative nor quantitative approaches need to supersede the other, as 
both contribute to the outcome of the research process.  
7.3 Data collection techniques 
The data collection techniques chosen for this study comprised three phases, namely, 
Phase 1- (the pre-implementation phase); Phase 2 (the implementation phase); and Phase 3  
(the post-implementation phase). During Phase 1, the teachers completed pre- and post-test 
questionnaires, argumentation writing frames and checklists, while workshops were held for 
the curriculum intervention programme. The workshop also covered aspects of journal 
keeping. Phase 2 of the data collection proces included classroom observation and journal 
keeping by the teachers, the pre- and post-test questionnaires, argumentation writing frames 
and the checklists of the learners. Phase 3 focused on individual interviews with the 
participating teachers. 
7.4 Data analysis and interpretation 
De Vos et al. (2002) support Mouton (2001) in describing data analysis as a process 
of chopping up and rearranging data to bring order, structure and meaning to the mass of data 
collected. Data analysis enables the researcher to develop ideas from findings and then 
interpret and relate them to literature (Bogdan, & Knopp-Biklen, 2007). 
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Esterberg (2005) describes qualitative analysis as a process of making meaning. 
Leedy and Ormrod (2010) argue that in quantitative research, data analysis and data 
interpretation are two separate steps, while other researchers deem them to be interwoven. 
The participants’ observation and interview data were inspected and interrogated in an 
attempt to identify trends and/or themes in terms of the teachers’ beliefs and to examine their 
interpretation of the specific aim three of the Physical Sciences curriculum in relation to their 
views on lightning. 
The quantitative data generated from the teachers’ responses to the questionnaire was 
analysed to seek patterns or contradictions between participants in relation to their views on 
lightning. The participants’ responses to each of questions were scrutinised and categorised. 
Where appropriate, the descriptive statistics generated were illustrated as a graphical 
presentation of the quantitative scores. 
7.5 Measures of trustworthiness (validity and reliability) 
Creswell (2005) states that throughout the process of data collection and analysis, the 
researcher needs to ensure that his/her findings and interpretations are accurate, in order to 
ensure the trustworthiness of the study. Trustworthiness is referred to as validity in empirical 
studies and is explained to be the extent to which the researcher can rely on the concepts, 
methods and inferences of the study (Struwig et al., 2010). In this study, the trustworthiness 
of the data was promoted by ensuring credibility, transferability, dependability and 
confirmability. Again, more attention will be given to these notions in Chapter Three. 
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8. ETHICAL CONSIDERATIONS 
Ethics is a set of morally good rules and behaviours that needs to be adhered to by 
researchers (Bloomberg et al., 2008; Gomm, 2004). To protect the integrity of this study, the 
researcher adhered to the rules of copyright, avoided plagiarism, attempted to think ethically 
in order to ‘do the right thing’, avoided harm to the participants, avoided deception, 
acknowledged the participants, right to privacy, and adhered to the principal of informed 
consent as proposed by Williams (2003). 
In addition to the above, Shamoo and Resnik (2009) mention, among others, that 
when conducting research, researchers must bear the following in mind: 
• Carefulness: to avoid errors and negligence. 
• Honesty: in recording methods, procedures, data and results. 
• Objectivity: in avoiding bias. 
• Integrity: be sincere and keep all promises and agreements. 
• Non-discrimination: avoid discrimination on the basis of race, ethnicity, sex, or 
any other factors that might come up during the study. 
(Shamoo, & Resnik, 2009, p. 20) 
These issues were borne in mind and, in keeping with the accepted professional ethics 
of research, the aims of the study, as well as the research design and methodologies used, 
were communicated and discussed with the principals and teachers prior to any data 
collection. The participants’ right to anonymity, including their right to refuse participation in 
the study, was conveyed to them. All the participants were informed volunteers and were 
aware that their responses would be used in this research study for degree purposes. The 
research design was approved by the Faculty of Education Research, Technology and 
Innovation Committee (ERTIC) at the NMMU with reference number H12-EDU-ERE-008 
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(Appendix A), and written consent was obtained from the schools (Appendix B), teachers 
(Appendix C) and the Eastern Cape Department of Education (Appendix D). 
For the purpose of confidentiality, the schools in this report will be referred to in 
alphabetical character. Reference is made to their historical context, namely former Model C 
Schools (formerly White schools), former Department of Education and Training Schools 
(township schools for Black African learners), and former House of Representatives Schools 
(schools that previously served the Coloured community). 
9. THESIS OVERVIEW 
This chapter outlined the integration of indigenous knowledge as an important 
curricular goal in science education within the South African context and highlighted the fact 
that research has shown that science teachers need to be qualified, possess adequate Subject 
Content and Pedagogical Content Knowledge, and have a sufficient level of knowledge of the 
Indigenous Knowledge Systems of the communities that they serve. The chapter also briefly 
introduced the research design and methodology, the sample and setting, the data collection 
and analysis made, as well as the issues of trustworthiness and ethics.  
Chapter Two reviews current literature on key aspects of science education, 
indigenous knowledge and the process of argumentation with respect to teachers’ 
understandings and classroom practices. It also considers Harland and Kinder’s (1997) 
hierarchy of INSET outcomes and issues of teacher confidence and commitment, and learner 
confidence and motivation.  
In Chapter Three, the research design and methodology used in this study is discussed 
in greater detail and the benefits of using the method employed are considered. The data 
generated in this study is presented and discussed in Chapter Four. The discussion and 
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findings are considered with the references to the literature study in Chapter Two in order to 
interpret the process that occurred during the intervention using argumentation as a vehicle 
for integrating indigenous and everyday knowledge into the school science curriculum. 
Conclusions are drawn and recommendations made in Chapter Five. 
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CHAPTER TWO 
THEORETICAL FRAMEWORK 
 
1. INTRODUCTION 
This chapter explores the use of both indigenous knowledge and scientific knowledge 
in the teaching of lightning at Grade Ten level and interrogates how the integration of these 
two forms of knowledge give rise to what Bhabha (1994) and Turnbull (1997, p. 560) refer to 
as the “third space”. Barnhardt and Kawagley (2005) refer to the third space as the 
convergence of indigenous knowledge and Western science.  
As this study is an investigation of the incorporation of indigenous knowledge in the 
teaching of lightning, issues pertaining to science, scientific literacy, indigenous knowledge, 
arguments for the inclusion of indigenous knowledge into the science curriculum, science 
education, the situation of science education in South African schools, argumentation, the use 
of argumentation to facilitate the third space, teacher professional development, as well as 
teacher and learner motivation, are discussed. 
2. SCIENCE 
The notion of modern science is rooted in the logical empiricism of Hume and Locke, 
which emphasises the significance of observational data in the development of scientific 
theories (Chalmers, 1999). Logical empiricists regard scientific knowledge to be existing 
facts and/or truths about natural phenomena and are of the opinion that scientific knowledge 
can be acquired by using ‘the scientific method’, which includes objective observation, 
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induction and deduction (Erikson, 2005; Walliman, 2005). Positivism, which was espoused 
by Auguste Comte in the eighteenth century, is an outgrowth of empiricism. While 
empiricism tests theories to check if they hold true against empirical evidence, positivism 
builds theories to explain the causal regularities in the external world (Chalmers, 1999).  
Studies of the ontology (what science is), the epistemology (the manner in which 
scientific knowledge is produced or attained) and the philosophy of science reveal a variety 
of views and contradictions, which have resulted in paradigm shifts (Chalmers, 1999). Kuhn 
(1962) described paradigm as something that grows by filtering and expanding the existing 
knowledge (a period of ‘normal’ science). Paradigm shifts occur when research within a 
paradigm starts to reveal results that cannot be explained in terms of its basic concepts and 
‘scientific revolutions’ take place (for example, Newtonian physics to Einsteinian relativity) 
(Kuhn, 1962).  
Scientific knowledge is seen as more that just phenomena of nature, as it includes 
theories and models that were created to assist in the interpretation and explanation of these 
phenomena (Halloun, 2007; Harrison, 2001). Therefore, scientific knowledge is provisional 
and subject to change as evidence or better explanations emerge (Abd-El-Khalick, & 
Lederman, 2000; Guisasola, Almudi, & Furio, 2005). Science is human activity aimed at 
improving one’s conceptual knowledge and explanation of the natural world; and diverse 
groups of scientists can interpret information in different ways. There is no predetermined 
sequence of steps or ‘scientific method’, and research is largely a flexible and inventive 
process (Chalmers, 1999).  
An epistemological shift from perceiving science as a product to seeing it as a process 
in a societal context initially led science education to emphasise issues around the nature of 
science (Abd-El-Khalick et al., 2000), the development of a ‘science, technology and society’ 
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approach to science education, to an emphasis on scientific literacy (Fensham, 2007). More 
recently, the literacy features of science literacy have been emphasised (Yore, & Treagust, 
2006), as has the inclusion of indigenous knowledge in science curricula as part of what is 
required for more effective teaching towards scientifically literate citizens (Jegede, & 
Okebukola, 1991).  
3. SCIENTIFIC LITERACY 
Most science educators acknowledge that scientific literacy is a perpetual goal in 
science education (Abd-El-Khalick et al., 2000; Brickhouse, Dagher, Shipman, & Letts, 
2000; Lisichkin, 2007; Rudolph, 2000; Wieman, 2007), but keep in mind that this goal should 
not met at the expense of the preparation of future scientists. Simultaneously, a minority of 
humanists contend that science education should be aimed exclusively at scientific literacy 
(Osborne, 2002). 
Holliday, Yore and Alvermann (1994) describes scientific literacy to include 
 “…the location and comprehension of scientific information, the adoption 
of a contemporary view of science, the development of informed 
conceptions, opinions, and beliefs, and the ability to communicate these 
ideas and persuade others of their veracity.” 
(Holliday, Yore, & Alvermann, 1994, p. 878) 
This description of scientific literacy by Holliday et al. (1994) coincides with the 
themes of scientific literacy of Chiappetta, Sethna and Fillman (1993), which are; science as 
body of knowledge; science as way of investigating; science as way of thinking; and 
interaction among science, technology and society (STS). 
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4. INDIGENOUS KNOWLEDGE  
Before looking at Indigenous knowledge, one should first clarify the concept of 
knowledge. Firstly, Young (2009) believes that knowledge is acquired and cannot be 
manufactured by learners and/or their educators.  On the other hand, O’Dowd (2001) and 
Hirschkorn (2006) suggest that knowledge is constructed and not discovered or divulged.  
O’Dowd (2001) adds that knowledge is fluid, because of the alternative ways in which it is 
represented; she therefore views the nature of knowledge as being transformational. 
Furthermore, Young (2009) proposes that curriculum policy-makers prefer the term 
knowledge to its counterpart, information, because knowledge is associated with certainty, 
reliability, objectivity and truth.  
An important aspect of knowledge differentiation and the curriculum is “the 
difference between theoretical and everyday knowledge” (Young, 2009, p. 209). Young 
points out that where these differences are ignored or clouded, the curriculum content will be 
based on the moral and political views of those in authority. Crepso and Pozo (2004) explain 
that scientific knowledge is the knowledge that learners are taught in school, while everyday 
knowledge is viewed as innate knowledge gained from social interaction. Young (2009) adds 
that everyday (common) knowledge is the knowledge that a person acquires within specific 
contexts. This brings us to the knowledge that constitutes the culture (including the beliefs, 
norms and values) of a specific society, namely indigenous knowledge (Young, 2009).  
Literature suggests a variety of views on indigenous knowledge systems and includes 
terms like indigenous knowledge (IK), indigenous technical knowledge (ITK), ethno-
ecology, ethno-botany, ethno-zoology, local knowledge, folk knowledge, traditional 
knowledge, traditional environmental (or ecological) knowledge (TEK), people's science, etc.  
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Indigenous knowledge is generated through decision-making at local level; dealing 
with aspects of agriculture, education, food preparation, health care, natural resources 
management, and many other activities in rural communities (Warren, Slikkerveer, & 
Brokensha, 1999). Flavier (1995, p. 479) defines indigenous knowledge as “the information 
base for a society”, which provides a guide to communication and decision-making. IK is 
dynamic (Els, 22 November 2011.; Flavier, 1995) and influenced by internal activities, 
experimentation; as well as the impact of external systems on the culture of the people 
(Flavier, 1995). 
Indigenous knowledge systems are not entrenched in human interaction only, but also 
in the manner in which a culture is practised (Keane, 2008). These cultural practices and 
philosophical thinking developed over many generations in African as well as other long-
established cultures (Aikenhead, 2001; Keane, 2008; Thompson, 2003). Indigenous 
knowledge systems provide a valuable legacy of understanding how people interact with 
nature (Glasson, Mahango, Phiri, & Lanier, 2010). Many traditions are passed on orally, and 
this develops “collective African worldviews” which are crucial to the uniqueness and 
sustainability of the culture and the local environment (Glasson et al., 2010, p. 127).  
Aikenhead (1996, p. 219) conceptualises culture as the “norms, values, beliefs, 
expectations, and conventional actions of a group”. He further mentions that science tends to 
be viewed as a “Western cultural icon of prestige, power, and progress”; and that this 
acculturation could threaten the survival of indigenous cultures (Aikenhead, 1996, p. 220). 
For this reason, he believes that it is important that IKS be integrated in the teaching of 
science in order to value the cultural knowledge of any given community. Keane (2008) notes 
that during the teaching and learning process teachers should be aware of the importance of 
the worldviews of learners. 
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5. ARGUMENTS FOR INCLUDING INDIGENOUS KNOWLEDGE IN THE 
SCIENCE CURRICULUM 
Calls to include indigenous knowledge in the science curriculum are based on the 
view that Western science devalues cultures that use naturalistic observation and insight to 
explain natural phenomena (Kawagley, Norris-Tull, & Norris-Tull., 1998). Arguments are 
that inclusion would promote principles of equality, respect and worth that underpin 
multicultural and anti-racist education (Taylor, 1994); support the preservation of cultural 
identity (Ogawa, 1998); and that scientific processes and indigenous knowledge are not 
unrelated (Stanley, & Brickhouse, 2001). In addition, the integration of IKS into formal 
education may assist in personalising the learning process and facilitating border crossing, 
which could be a vital facet in cultural stabilisation and regeneration (Hodson, 2009; Webb, 
2011). 
Research has shown how teachers’ perceptions and understanding of the nature of 
science and indigenous knowledge systems evolved as a result of an intervention programme 
aimed at enhancing their understanding of the aforementioned concepts (Ogunniyi et al., 
2008). Other studies have depicted the complications and obstacles encountered by learners 
from non-Western backgrounds when learning science (Aikenhead, 2000, 2006; Borba, 1990; 
Cobern, & Aikenhead, 1998; Jegede, 1995), and the clashes in worldviews between local 
culture and the culture of science (Baker, & Taylor, 1995; Jegede et al., 1991; Koul, 2003; 
Malcolm, 2007; Ogawa, 1998; Seepe, 2000).  
Sometimes the scientific worldview opposes features of traditional African cultural 
worldviews, which may distress and estrange African students, causing them to steer away 
from science at school (Malcolm, 2007; Webb, 2011). Ogawa (1998) suggests the adoption of 
the traditional cultural context, while Jegede (1995) and Aikenhead et al. (1999) promote 
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‘collateral learning’, in terms of which learners embrace and grow Western scientific thinking 
and traditional knowledge concurrently.  
Onwu and Mosimege (2004, p. 2) mention that, “what is now needed in the current 
science education reform agenda is a mechanism for integrating IKS into our school science 
curriculum in a mutually supportive and inclusive way, so that both forms of knowledge 
systems can begin to provide the engaging tension among our learners”. They advise that 
there is an array of prospects for the inclusion of IKS into the curriculum; and propose that: 
• At school level, learners may be asked to do small-scale investigations about 
how their parents or grandparents tend to use IKS, in whichever form, for their 
livelihood and subsistence.  
• One of the more obvious curriculum initiatives for IKS/ science interfacing, 
would entail the constructivist strategy of using learners’ previous experience or 
prior learning as a point of departure in providing relevant science learning 
experiences that engage and build on existing knowledge,  
• Another form of IKS/ science engagement would be to use science to evaluate 
IKS and vice versa. 
       (Onwu, & Mosimege, 2004, p. 2) 
The distinctive worldviews and accompanying knowledge of indigenous people 
throughout the world have been maintained for thousands of years, surviving many social 
difficulties brought about by transformation beyond their control (Barnhardt, & Kawagley, 
2005). Recently many of the “core beliefs, values and practices” of indigenous people have 
been recognised as valuable in today’s society; and beneficial to all, from the teacher to the 
scientist, as we all investigate sustainable ways to live on our planet (Barnhardt, & Kawagley, 
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2005, p. 9). Consequently, there have been calls (over the last few decades) to incorporate 
alternative sources of knowledge, e.g. indigenous knowledge, into the science curriculum 
(Hodson, 2009).  
Barnhardt and Kawagley (2005) mention that the University of Alaska Fairbanks 
founded the Alaska Rural Systemic Initiative (AKRSI) in 1995 to address issues associated 
with the integration of indigenous knowledge systems (IKS) and the formal education 
system. AKRSI established a network of partner schools that integrated indigenous 
knowledge and pedagogical practices accross all spheres of the education system and 
produced “a fertile, real-world context” to address the marginalisation and erosion of 
indigenous knowledge and cultural activity (Barnhardt, & Kawagley, 2005, p. 14). The 
activities of AKRSI focused on establishing “connectivity and complementarity” between 
IKS and the formal education system (Barnhardt, & Kawagley, 2005, p. 15). 
The AKRSI research and educational development strategy implemented the 
following initiatives: 
• Indigenous science knowledge base/multimedia cultural atlas development 
• Native ways of knowing/parental involvement 
• Elders and cultural camps/academy elders 
• Village science applications/science camps and fairs 
• Alaska Native knowledge network/cultural resources and website 
• Alaska standard for culturally responsive schools 
• Native educator associations/leadership development 
        (Barnhardt, & Kawagley, 2005, p.15) 
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According to Barnhardt and Kawagley (2005), the above-mentioned initiatives 
improved the quality of the education experience as well as the academic performance of 
learners in the partner schools across Alaska. 
All of the above arguments contributed to the rationale to investigate the possible 
effects of the inclusion of indigenous knowledge in a science topic with the process of 
scientific argumentation. 
6. SCIENCE EDUCATION 
In science education, the emphasis may have shifted, but the content of the science 
curriculum is still important; the science knowledge of teachers has been largely developed in 
the form of subject content (Kriek, & Grayson, 2005; Pandey, & Braun, 2003). Scientific 
knowledge refers to the content that must be dealt with as the teacher facilitates classroom 
sessions, while pedagogical knowledge deals with how children learn (Sherin, 2002). 
Shulman (1986) adds that pedagogical content knowledge (PCK) covers the manner in which 
subject (scientific) knowledge is presented in order to make it intelligible to learners. Savater 
(2004) claims that societies have ways of educating their young to become fully functioning 
citizens that are able to develop their society, whilst Lederman (2008, p. 1) points out that we 
have reached the time where we need to increase the competence of ordinary citizens to deal 
with the “scientific and technological culture” that is influential in their lives and the lives of 
their children.  
Since the early 19th century and the onset of technology and development, it has 
become important to understand science. For this reason, science has become a very 
important educational subject (Lederman, 2008). Aleixandre (1994) points out that when 
learning and teaching science is explored, the approach to science education needs to be 
consistent with the unique nature and content of science as a subject.  
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The United Nations Educational, Scientific and Cultural Organization (UNSECO) 
(2010, p. 10) document proposes that to combat “ignorance”, school science education should 
deal with “scientific principles” as well as teach learners “to learn, to write and to talk about 
science” in order to allow them to express their views and to be able to draw on their 
knowledge during decision-making processes. This, UNESCO (2010, p. 10) suggests, can be 
accomplished by developing effective ways for school science to address “learning science” 
and “learning through science”. In schools, science education has a key role to play, as it has 
its own structures, ways of thinking and working; it offers a commanding way of viewing the 
world (Chalmers, 1999). Furthermore, science education stimulates scientific thinking, which 
helps to develop new ways of thinking (Pozo, 2008). 
Hipkins, Bolstad, Baker, Jones, Barker, Bell, et al. (2002, p. 230) maintain that the 
pedagogy for conceptual, procedural and NOS (Nature of Science) learning in science 
education could be more effective and inclusive when: 
• the existing ideas and beliefs that learners bring to a lesson are elicited, 
addressed and linked to their classroom experiences; 
• science is taught and learned in contexts in which students can make links 
between their existing knowledge, the classroom experiences, and the science to 
be learnt; 
• learning is set at an appropriate level of challenge and the development of ideas 
is clear – the teacher knows the science; 
• the purpose(s) for which the learning is being carried out are clear to the 
students, especially in practical work situations; 
• the students are engaged in thinking about the science they are learning during 
the learning tasks; 
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• students’ content knowledge, procedural knowledge, and knowledge about the 
nature and characteristics of scientific practice are developed together, not 
separately; 
• the students are engaged in thinking about their own and others’ thinking, 
thereby developing a metacognitive awareness of the basis for their own present 
thinking, and of the development of their thinking as they learn; 
• the teacher models theory/evidence interactions that link conceptual, procedural, 
and NOS outcomes and discussion and argumentation are used to critically 
examine the relationship between these different types of outcomes.  
(Hipkins et al., 2002, p. 230) 
The benefits of understanding the “nature of science” under the labels of “scientific 
method” and “general principles” are better comprehension; greater adaptability; greater 
interest; more realism; better researchers; and better teachers (Gauch, 2003, p. 9). 
However, interest in science as a subject among secondary school learners in many 
developed countries is in decline (Fensham, 2007; Royal Society, 2008). Fensham (2007) 
highlights the following issues mitigating against science education in the compulsory lower 
secondary years: it is transmissive in character; the content is abstract and irrelevant; and the 
subjects are difficult. With fewer learners opting for science as a subject at secondary level, 
we find that more individuals are “scientifically illiterate”, which not only exacerbates the 
inequity but add to the majority that are excluded from effectively participating in and 
possibly influencing their environment (UNESCO, 2010, p. 11). 
There is general support for the “reformulation of science teaching and learning” in 
order to create opportunities for more individuals to experience the “joys and delights” of 
what Aikenhead (2006, p. 20) calls “humanistic school science”. The UNESCO (2009, p. 29) 
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document highlights the fact that science education at school is frequently “related to learning 
information” rather than promoting the investigation and understanding of concepts. The 
issues are pertinent in South African education: the numerous reformulations of the 
curriculum since 1994 offer opportunities to test possible solutions, such as the inclusion of 
indigenous knowledge in science education. 
7. SITUATION OF SCIENCE EDUCATION IN SOUTH AFRICAN SCHOOLS  
The South African National Department of Education’s description of science is 
expressed in its definition of Physical Science as the investigation of “physical and chemical 
phenomena” through scientific inquiry and the application of scientific models, theories and 
laws in order to explain and predict events in the physical environment (Department of 
Education, 2003, p. 7). The same document (2003, p. 1) highlights “valuing indigenous 
knowledge systems” as one of the principles of the National Curriculum Statement (NCS). 
The NCS Grades 10 – 12 (General) states that the rich history and heritage of our country 
should be acknowledged by including indigenous knowledge systems into the Subject 
Statements, as “indigenous knowledge systems in the South African context refer to a body 
of knowledge embedded in African philosophical thinking and social practices that have 
evolved over thousands of years” (Department of Education, 2003, p. 4). 
The Physical Science Curriculum Assessment and Policy Statement (CAPS) 
document refers to the need for society to understand “how the physical environment works” 
(Department of Basic Education, 2011, p. 8). Understanding how the environment works will 
assist learners (as members of society) in benefiting from it and put them in a position to care 
for it responsibly. The CAPS document promotes the use of all scientific and technological 
knowledge, including Indigenous Knowledge Systems (IKS), to deal with challenges faced 
by society. It adds that Indigenous knowledge is “knowledge that communities have held, 
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used or are still using” (Department of Basic Education, 2011, p. 8). IKS is passed on through 
generations and has been the basis of a variety of innovations and developments, including 
scientific developments (Department of Basic Education, 2011). 
South Africa’s National Education Department encapsulates two main goals in the 
teaching of science. The Senior Phase (Grades 7–9) of the General Education and Training 
(GET) Band centres on scientific literacy as the goal (Department of Education, 2001), while 
the Curriculum in the Further Education and Training Band (FET, Grades 10–12) aims to 
“provide the learner with expertise and special knowledge and skills to join Higher Education 
and training or career pathways” (Department of Education, 2002, p. 12). 
The South African National Curriculum Statement for Grades 10–12 Physical Science 
focuses on the following learning outcomes: 
• Scientific inquiry and problem-solving skills, 
• Constructing and applying scientific knowledge; and 
• The nature of scientific knowledge and its relationships to technology, society 
and the environment. 
(Department of Education, 2003, p. 13) 
The above statements highlight a move away from memorising facts, procedures, laws 
and theories to science education aimed at guiding learners to understand and apply 
knowledge. The following skills are examples of some skills that are relevant for the study of 
Physical Science: (i) Observation and Comparison, (ii) Measuring, (iii) Classifying, (iv) 
Inferring, (v) Predicting, (vi) Communicating, (vii) Hypothesising, (vii) Designing an 
experiment, (ix) Controlling variables, (x) Interpreting, (xi) Formulating models, and (xii) 
Reflective Skills (Department of Education, 2002, p. 13) 
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The above refer to the intentions and expectations that the Department of Basic 
Education (DBE) has for Physical Science learners in South Africa. Unfortunately the current 
Physical Science pass rate is very low. The limited learner achievement can generally be 
attributed to poor teacher training (Nkabinde, 1997) and the lack of Black teachers qualified 
to teach Physical Science (Lemmer, & Badenhorst, 1997). Baine and Mwamwenda (1994) 
add that the employment of under- and unqualified teachers impact negatively on the results 
of the learners as these educators cannot create an effective and appropriate teaching 
environment (Nkabinde, 1997). Effective teaching can take place only if a teacher has 
sufficient subject knowledge, pedagogical content knowledge and pedagogical skills (Mumba 
et al., 2002); therefore, my goal was to investigate the impact that a workshop based on 
lightning (the content) and argumentation (the strategy) would have on the participating 
teachers’ content and strategic knowledge.  
8. ARGUMENTATION 
The term argumentation is not used or meant as a confrontational interaction. It means 
giving reasons (a set of assumptions) to justify a claim, with the support of the data on which 
it is based. Any claim is supported by at least two elements, namely data and warrants. 
Warrants refer in essence to the manner which the data are related to claims “providing the 
justification for belief” (Osborne, Erduran, Simon, & Monk, 2001, p. 63). Chen and She 
(2012) define argumentation as combined cognitive growth process which entails: (a) the use 
of evidence to support or counter a specific claim, (b) organising the claims to generate an 
argument, (c) generating an opinion of scientific claims, and (d) recognising dependable 
scientific knowledge. Studies have shown that where argumentation is used in the educational 
process, it may promote the learners’ the argumentation ability and improve scientific 
knowledge (Zohar, & Nemet, 2002). 
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Governatori and Sartor (2010) mention that two directions of argumentation can be 
distinguished, namely: monological and dialogical argumentation. Monological 
argumentation is used to derive a warranted conclusion from simple, determinable 
conclusions. All arguments are developed from the given knowledge base, and time is usually 
not a factor.  Monological argumentation is generally “agent-neutral” and focuses on the 
understandings within the knowledge base, irrespective of who initially supplied them 
(Governatori et al., 2010, p.1). 
Dialogical argumentation is an interactive process that considers the views of all 
participants. Participants present arguments toward shared commitments that are produced 
through dialogue.  Time is a factor, since the order in which arguments are presented, 
determines their significance in the dialogue, according to the dialectical protocol managing 
the argument interchange. Dialogical argumentation is agent-based, because the dialectical 
role and relevance of arguments depends on which participant suggested it; and on the 
argumentation burdens that impact on the participant (Governatori et al., 2010). 
Regarding the need for and the importance of argumentation in science education, 
Osborne (2005) states that argumentation is important for developing the skill of analyzing 
and engaging in arguments guiding the construction of scientific explanations and critically 
evaluating multiple alternatives. According to Blair and Johnson (1987), the presumptions of 
a good argument must display the following three dialectical requirements: (i) acceptability 
(are the premises acceptable?); (ii) relevance (are the suppositions relevant to the 
conclusion?); and (iii) sufficiency (do the conjectures provide enough support for the 
conclusion?). These criteria are sufficient for judging the effectiveness of most arguments 
(Blair, & Johnson, 1987). 
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Driver et al. (2000) presents three important products for learners as a result of 
argumentation instruction in science classes. They are: 
Developing conceptual understanding  
This results from awareness among students about paradigm shifts with regard to the 
nature of science. Therefore, the knowledge offered to learners should not be viewed as 
absolute. Learners should be taught the ways of evaluating knowledge in order to reach 
scientific knowledge. Then learners can explain their own views by presenting their 
observations and warrants. 
Developing research skills  
Learners should make suggestions and support their comments using argumentation 
and the available appropriate evidence, and not rely solely on data to reach a theory or a 
result. This approach calls for more time and more remarks to complete the task, because it is 
based on a planned methodology and appropriate experimental studies.  
Understanding scientific epistemology  
Learners should use language to understand as well as claim scientific 
concepts/theories as a way in which they will present their knowledge. Trend (2009) imparts 
that science education should consider the different views of learners if it is to play a central 
role in the understanding of the epistemology of science. It is posited that through the 
argumentation process, learners can essentially examine the events and situations around 
them, develop self-confidence and make more informed decisions in their lives, defend their 
ideas in democratic environments, and better express themselves (Osborne, Erduran, & 
Simon, 2004). 
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Argumentation can be used in science to depict and deal with inconsistencies between 
ideas and evidence; it is a way in which a community can assess the promise of assumptions 
and the validity of claims (Berland, & Hammer, 2012). Kelly et al. (1999) emphasise that, 
from a socio-cultural perspective, argumentation is a very significant instrument in the 
learning of science through the use and discussion of community practices for cognitive 
development. Argumentation is an important form of human cognition (Besnard & Hunter, 
2008). On a daily basis people are confronted with conflicting information and are compelled 
to deal with the resulting discrepancies.  
While the foundation of argumentation is information (without information, there can 
be no argument), the setting of the typical classroom activity and conversational patterns need 
to change in order for teachers to effectively use scientific argumentation in teaching and 
learning processes (Besnard et al., 2008). In other words, “teachers need to do more than tell 
students about important concepts in science, they need to give students opportunities to 
discuss and critique the reasons offered in support of an idea” (Hall, & Sampson, 2009, p. 
16). Shakespeare (2003) adds that when argumentation is applied constructively, it:   
• Engage and motivate pupils through interactive teaching; 
• Reveal misconceptions quickly; 
• Include all pupils; 
• Develop relationships with pupils and encourage a “learning together” 
atmosphere; 
• Be used flexibly 
o By varying the duration, 
o With the whole class, small groups or individuals, 
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o Fitting well into many parts of a varied lesson and started on the spot during 
the lessons as needed; 
• Produce surprising results.  
(Shakespeare, 2003, p. 107-108) 
In cases where teachers applied the strategy of argumentation, they acknowledge that 
the argumentation is “motivating and satisfying” to teachers as well as the learners 
(Shakespeare, 2003, p. 107).  
9. USE OF ARGUMENTATION TO FACILITATE THIRD SPACE 
In an effort to bridge the gap between Eurocentric (Western science) and indigenous 
knowledge systems (IKS), researchers are exploring Bhabha’s (1994) third space theory as a 
means to disband perceived cultural boundaries by embracing the metaphysics of multiple 
perspectives and languages (Wallace, 2004). Wallace (2004) states that the purpose of 
conferring meaning in the third space is to break away from the privileged and authoritative 
view of Western Science by providing indigenous cultures with a new gateway to Eurocentric 
science, while simultaneously confirming the value of local communities’ own ways of 
understanding nature. 
The interaction between the IKS and Western science creates the third space within 
which the beliefs and experiences of all stakeholders are respected and maintained (Wallace, 
2004). There is collaboration between stakeholders, leading to the co-construction of a new 
mixture of meanings and interpretations of science. In the third space, the focus is not on 
reproducing the Western view of science, but on facilitating the reconstruction of the 
learner’s everyday beliefs and experiences about the natural world, to develop a more robust 
scientific worldview (Glasson et al., 2010). 
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Argumentation can be used to bring the two systems (Western science and IKS) 
together to create what  Barnhardt and Kawagley (2005, p. 16) refer to as a “synergystic 
relationship”. In this “relationship”, the two former dissimilar systems merge to form a “more 
comprehensive holistic system”, in such a way that it preserves the integrity of each 
component (Barnhardt, & Kawagley, 2005, p. 16). Figure 2.1 below illustrates the qualities 
associated with Indigenous knowledge systems and Western Science.  
Figure 2.1:  Qualities associated with traditional (Indigenous) knowledge systems and 
Western science (source: Barnhardt, & Kawagley, 2005). 
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9.1 Argumentation skills 
Kuhn (1991) suggests that thinking is a way of creating and evaluating arguments for 
and against a plan, an opinion, or a solution to a problem. She names five critical skills of 
argumentation:  
• the skill to generate causal theories to support claims (supportive theory),  
• the skill to offer evidence to support theories (evidence),  
• the skill to generate alternative theories (alternative theory),  
• the skill to envision conditions that would undermine the theories they hold 
(counterarguments), and  
• the skill to rebut alternative theories (rebuttal).  
(Kuhn, 1991, p. 2) 
According to Kuhn (1991), an argument can be considered strong if it contains these 
components. 
9.2 Intervention strategy 
Science learners generally display a lack of argumentation skills, which this led 
researchers to investigate the impact of explicit argumentation instruction on the learners’ 
quality of argumentation (Osborne et al., 2004; Zohar et al., 2002). These researchers applied 
Toulmin’s Argumentation Pattern (TAP) as a model for scientific reasoning. TAP, as 
displayed in Figure 2.2, has a simple layout, consisting of data, warrant, backing and claim, 
which can be used across domains. In more qualified arguments, qualifiers and rebuttals may 
also be used (Toulmin, 1958). 
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Figure 2.2: 
Toulmin’s Argumentation Pattern (source: Waugh, 2012) 
Lamoreux (2012) from the University of Ohio used the illustration in Figure 2.3 to 
demonstrate to ease with which TAP could be applied in a situation.  
 
 
 
 
 
 
Figure .2.3:  Application of Toulmin’s Argumentation Pattern (source: Lamoreux, 16 
August 2012) 
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The application of TAP was facilitated by using Figure 2.3 during the workshop for 
teachers, while Figure 2.4 was supplied to teachers for use in the classroom with their 
learners. The images portrayed in Figures 2.3 and 2.4 were selected because of their expected 
relevance to the particular target groups.  
 
Figure 2.4:  Illustration of Toulmin’s Argumentation Pattern used with the learners in this 
study (Adapted from: Toulmin; 1958) 
In addition to using TAP, researchers at the University of the Western Cape’s School 
of Science and Mathematics Education developed the Dialogical Argumentation for Evolving 
Cognitive Understanding (DAECU) model as part of a project to integrate indigenous 
knowledge into the teaching of science (Langenhoven et al., 2008). The model utilises the 
following five steps to develop the participant’s understanding of the topic under discussion 
(see Figure 2.5): 
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STEP 1: Allows for individuals’ Thinking Space. 
Each participant is given material to stimulate thinking. A set of questions is provided 
as a prompt for participants to interact with the material. The questions encourage internal 
argumentation (intra-argumentation), with the intent to record the responses in a writing 
frame that is provided. 
STEP 2: Small Group Discussion and Consensus (Sharing Space) 
Participants share ideas with other members of the group (inter-argumentation). All 
participants voice their ideas, and the group reaches internal consensus, which is presented to 
the class. 
STEP 3: Small Group Presentation (Presentation Space) 
Each group presents and displays its arguments, counter-claims, rebuttals, evidence 
and warrants.  
STEP 4: Whole Class Mediation (Discussion Space) 
Trends and patterns are identified as the facilitator guides the process to enhance 
understanding of the issue. 
STEP 5: Focus Group Evaluation (Reflective Space) 
The facilitator interviews a random selection of participants to reflect on the process 
of argumentation and the understanding of the issue. 
My study investigated what impact, if any, argumentation instruction could have on a 
teacher professional development and motivation, as well as the achievement and motivation 
of the learners. The intervention used TAP in conjunction with the Dialogical Argumentation 
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for Evolving Cognitive Understanding (DAECU) model of Langenhoven et al. (2008), 
focusing on the integration of Western science and the Indigenous Knowledge Systems of 
Grade Ten learners with regard to their views of lightning.  
 
 
 
 
 
 
 
 
 
Figure 2.5:  Pedagogical Framework for the Dialogical Argumentation for Evolving 
Cognitive Understanding (DAECU) model (source: Langenhoven, Kwofie, & 
Ogunniyi, 2008)  
10. TEACHER PROFESSIONAL DEVELOPMENT 
Continuous professional development (CPD) includes any activity that is aimed at 
empowering educators in order to improve their performance and to be more effective in 
achieving enhanced learner performance.  This means that it is concerned with improving the 
classroom skills and subject knowledge of teachers so as to enable them to provide quality 
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education to their learners in order to improve learner performance and create effective 
schools (Heystek, Nieman, Van Rooyen, Mosoge, & Bipath, 2008). Professional 
development is effective when it focuses on specific content knowledge (Desimone, 2011). 
Craft (2000) explains that continuous professional development could be seen as 
encapsulating all forms of learning (by a teacher), including a course in private reading or job 
shadowing; as long as it enhances the knowledge or skills of the teacher.  
According to Harland and Kinder (1997, p.71), “to get good at change” teachers must 
participate in the communal projects of continuing professional development (CPD) and/or 
in-service education and training (INSET).  They further add that for any INSET programme 
to be viewed as successful, it must consider the value of the model’s outcomes; as well as its 
relationship to a variety of CPD provisioning and activities. However, the problems of poor 
uptake and implementation of professional development programmes by teachers has been 
recognised both nationally and internationally (Adler, & Reed, 2002; Harland, & Kinder, 
1997; Taylor, & Vinjevold, 1999). Desimone (2011) suggests that effective professional 
development process has the following basic steps: 
1. Teacher participate in professional development;  
2. Their knowledge and skill is improved;  
3. That new and improved knowledge and skill improves the way they teach; and  
4. Finally, increase student learning is the result. 
International research on the impact of in-service continuing professional education 
on teachers, i.e. INSET (In-service Education and Training) or CPD (Continuing Professional 
Development) suggests that in-service activities have very varied influences on teachers and 
that different teachers nominate different outcomes as accruing from the same INSET 
provision. These differences suggest that INSET participants have a unique ‘outcome route’ 
46 
following an in-service experience and that they rarely achieve exactly the same permutation 
of outcomes as other colleagues (Harland, & Kinder, 1997). This observation, and the 
assumption that improved classroom practice is the ultimate intended INSET goal, prompted 
Harland and Kinder (1997) to develop a tentative sequence or hierarchy of outcomes (Figure 
2.6). 
When considering the possible effects of Continuing Professional Development 
(CPD) on classroom practice, the outcomes that make up Harland and Kinder’s (1997) 
typology (Figure 2.6), and the findings of other researchers in this field, provide a helpful 
framework. Third-order outcomes are least likely to impact on practice, unless higher order 
outcomes are also achieved or already exist.  In contrast, the presence of the two first-order 
INSET outcomes consistently coincided with a substantial impact on practice; however, these 
in turn may depend on the presence of other, lower order, outcomes, e.g. provisionary or 
institutional, to ensure sustained implementation (Harland, & Kinder, 1997). 
 
INSET INPUT 
 
3rd order  Provisionary  Information  New awareness 
2nd order  Motivation  Affective  Institutional 
1st order  Value congruence     Knowledge and skills  
IMPACT ON PRACTICE 
 
Figure 2.6: An ordering of INSET outcomes (source: Harland, & Kinder, 1997) 
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The teachers’ perceptions of the impact of the intervention will be probed within 
Harland and Kinder’s hierarchy of outcomes from professional development programmes. 
Supovitz and Turner (2000) contend that to ensure high-quality professional 
development it is important that teacher professional development immerses participants in 
inquiry, questioning and experimentation; is intensive and sustained; engages teachers in 
concrete teaching tasks; and is based on teachers’ experiences with students; focuses on 
subject-matter knowledge and deepen teachers’ content skills; is grounded in a common set 
of professional development standards; and shows teachers how to connect their work to 
specific standards. Singer and Tuomi (2003) suggest that the teachers’ edition of a textbook 
can assist in the professional development of teachers by providing both subject (content) 
knowledge and pedagogical knowledge. In the teacher’s guide, subject knowledge is used to 
orientate the teacher (Singer et al., 2003). 
With regard to pedagogical knowledge, Malcolm and Alant (2004, p. 73) refer to 
textbooks as “catalysts for changing teacher practice”. A teacher’s guide explains how 
students learn as well as how the process of conceptual change aids in a teachers’ 
professional development (Huber, & Moore, 2001; Singer et al., 2003). 
In summary, the best results are achieved in cases where continuous professional 
development (CPD) programmes are focused on the enhancement of personal and 
professional development by adding knowledge and skills, and promoting increased positive 
attitudes (Lessing, & De Witt, 2007). These authors add that coupled to personal and 
professional development CPD programmes achieve best results when it is designed 
systematically and formally presented (Lessing et al., 2007). Bubb and Earley (2009) add that 
a CPD programme is most effective when it directly meets the individual’s needs.  In support 
of this, Steyn (2010) conclude that a successful CPD programme:  
48 
• is embedded in daily practice,  
• is needs based,  
• linked to learner needs, and  
• tailored to meet the specific circumstances or contexts of educators. 
(Steyn, 2010, p.548) 
The intervention programme in this study offered teachers the prospect to become 
more involved in their own CPD, and presented them with an opportunity to enhance the 
culture of learning and teaching at their respective schools. 
11. TEACHER AND LEARNER MOTIVATION  
It is not easy to spot the common principles concerning motivation, as human 
behaviour is particularly multifaceted (Eren, 1993). Nevertheless, it is commonly known that 
people are motivated in various ways and by various means. Schulze and Steyn (2003) state 
that the motivation of teachers has a considerable impact on learning, because teachers 
determine the learning experiences that occur in schools.  In support of the above statement, 
Thijs (2011) adds that a learner’s academic achievement is not influenced only by his/her 
family members, but also by their teachers.  
Evidence shows that learners who feel more competent display greater self 
determination because they are more connected to their social environment and more 
autonomous (Fortier, Vallerand, & Guay, 1995; Standage, Duda, & Ntoumanis, 2005; 
Vallerand, 1997, 2012). Furthermore, this self determination comes through when they are in 
social contexts which (most likely) satisfy their needs (Soenens & Vansteenkiste, 2005; 
Vallerand, Fortier, & Guay, 1997). 
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Realistically, neither teachers nor learners can be expected to perform well and deliver 
good results if they are not well motivated. Clarke (2007) maintains that research findings 
have shown that the things that are of consequence and that motivate most people are not 
concrete or physical things such as money and material possessions, but the less tangible 
things such as the liberty to develop their own ideas and the notion of being valued.  
Therefore, this study’s intervention programme was aimed at creating an environment 
that seeks to motivate teachers to constantly develop themselves both professionally and 
personally, as well as to equip them to practise their skills in class to improve learner 
achievement and motivation.  
12. CHAPTER SUMMARY  
This chapter considered a variety of views about science and the value of being 
scientifically literate. Furthermore, it explored science education and the precarious position 
it which it finds itself. The situation of science education in South African schools was 
investigated; and the importance of integrating Indigenous Knowledge Systems (IKS) into 
the South African science curriculum was explained. 
A detailed discussion was given on how argumentation instruction could be used to 
facilitate the merger between western science and IKS. Two models, namely Toulmin’s 
Argumentation Pattern (TAP) and the Dialogical Argumentation for Evolving Cognitive 
Understanding (DAECU), were discussed to explain how they could be used in conjunction 
to bridge the gap and to create the “third space” (Bhabha, 1994), where western science and 
IKS meet, whilst still maintaining the integrity of each component. The valuable skills learnt 
from argumentation instruction were mentioned, as well as how argumentation could impact 
on teacher development and motivation, as well as learner achievement and motivation.  
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In reviewing the literature on science, scientific literacy, science education and IKS, 
this chapter served to orientate the reader on the benefits of argumentation instruction and the 
value of integrating IKS into the science curriculum. 
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CHAPTER THREE 
RESEARCH METHODOLOGY 
 
1. INTRODUCTION 
This aim of this chapter is to examine the research design and methodology utilised in 
conducting the study.  Design refers to how the study was conducted, while methodology 
refers to the research methods that were used in order to arrive at the findings. Together they 
cover what is to be done, to whom it will be done, and how it will be done during the 
investigation. Schwandt (2007) describes the design to be theory supporting the analysis of 
assumptions, principles and procedures of an inquiry. De Vos et al. (2002, p. 120) define 
research methodology as the “information on the population and the sample of the study, 
giving a description of the specific techniques to be employed, the specific measuring 
instruments to be utilized and the specific series of activities to be conducted in making 
measure and a discussion on validity and reliability, whilst also detailing the ethical 
considerations employed during the investigation”. 
The research design will be addressed by detailing the research paradigms, research 
approaches, as well as the strategy of the study.  Furthermore, the motivation behind the 
choice of research methodology, including the selection of the sample, the methods of data 
collection and analysis will be discussed.  Issues of validity, reliability and the ethical 
considerations applied in the investigation will also be explained. 
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2. RESEARCH PARADIGMS AND METHODOLOGICAL APPROACHES 
Research is described as a methodical investigation in which data is collected, 
analysed and interpreted in order to describe, predict and understand a phenomenon (Leedy et 
al., 2005; Mertens, 2005). However, a researcher’s evaluation may be influenced by his/her 
worldview or paradigm, which is the fundamental philosophical systems that distinguish 
between the approaches to research (Schnelker, 2006). A paradigm may be described as a set 
of fundamental beliefs that characterises one’s world view (a set of assumptions) that directs 
one’s inquiry (Babbie, & Mouton, 2001; Denzin et al., 2000; Morgan, 2007; Struwig et al., 
2010). Creswell (2007) states that an individual’s worldview describes: the nature of his/her 
reality; the relationship of the researcher to that being researched, the role of value in a study; 
as well as the process of the research (the methodological issues). 
Schnelker (2006) adds that each paradigm includes a set of conjectures that is 
logically related in an exclusive way and has realistic implications for the conduct, 
interpretation and utilisation of the research. Dash (2005) proposes that a researcher must 
consider the following questions when selecting a research paradigm and corresponding 
methodology: 
• What is the nature or essence of the social phenomena being investigated?  
• Is a social phenomenon objective in nature or created by the human mind?  
• What are the bases of knowledge corresponding to the social reality, and how 
can knowledge be acquired and disseminated?  
• What is the relationship of an individual with her environment? Is she 
conditioned by the environment, or is the environment created by her?  
Dash (2005) 
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In this study both quantitative and qualitative data were generated and, as such, it may 
be assumed that both positivist and interpretivist research perspectives were entertained. In 
order to interrogate this assumption and to frame the perspective in which the study was 
actually located, these two paradigms, as well as mixed-method research approaches, will be 
briefly examined. 
2.1 Positivist paradigm 
Auguste Comte, a 19th century French philosopher, coined the term positivism (Howe, 
2009) which contends that science uses an quantitative method to measure autonomous 
statements  about one apprehensible reality (Healy, & Perry, 2000) or uses scientific evidence 
to describe phenomena, facts and/or situations (Cohen, Manion, & Morrison, 2000; Kraus, 
2005). Within a social sciences context, positivism seeks to merge objective logic and 
observable patterns to confirm or discover truths (Kraus, 2005; McFarlane, 2000; Neuman, 
2003). Positivism, therefore, embraces a reality in which the world is viewed as consisting of 
solid, physical arrangements that is separate from personal understanding (Cohen et al., 
2000). 
Quantitative approaches, which are often used within positivistic paradigmatic 
frameworks, utilise statistical or numerical techniques (Amaratunga, Baldry, Sarshar, & 
Newton, 2002) and seek to confirm hypotheses and quantify variations (Walsh, 2001). This 
approach is fairly inflexible and uses scientific methods to answer close-ended questions 
(Davies, 2007). It emphasises specific aspects of behaviour (Golafshani, 2003).  The 
researcher is expected to stay objective during the systematic process, wherein statistical data 
is transformed to obtain information about the world (Leedy et al., 2005). The 
aforementioned views support Struwig  et al.’s (2010) view that a quantitative approach is 
focused on constructs and their measurements - causal, generalisable, replicable and 
54 
deductive, and focused on the individual. The quantitative aspects of this study were not used 
to provide positivistic findings and claims, but to provide data for triangulation with the 
qualitative data that were collected in order to aid the interpretation process.  
2.2 Interpretivist paradigm 
The interpretivist approach is often naturalistic (McFarlane, 2000; Walsh, 2001) and 
usually constructivist (Creswell, 2003; Kraus, 2005) in nature and can be identified by the  
ontology, epistemology and methodology used in the research (Terre Blanche, & Durrheim, 
1999; Vaishnavi, & Kuechler, 2004), all of which should assist the researcher in identifying 
phenomena from the point of view of the participants; for example by looking at their 
behaviour and cultural norms (Hennick et al., 2011; Holloway, & Wheeler, 2002; McFarlane, 
2000). In addition, the interpretive practice may call for the researcher to participate in the 
experiences of his subjects of study (Esterberg, 2005) and employ various qualitative 
methods to understand and interpret the creation of meaning of a subjective reality (Holloway 
et al., 2002; Mouton, 2001). 
Briggs et al. (2007) imply that interpretive researchers: (i) are part of the research 
topics they are investigating; (ii) explore the meaning of phenomena from the perspectives of 
the participants (subjects) are not distorted; and (iii) ensure that the views of the research 
participants. A phenomenological strategy may be used to explore the fundamental nature of 
the experience being studied (De Vos et al., 2002). Furthermore, a phenomenological study 
tries to understand the participants’ perceptions, perspectives and understanding of a 
particular situation (Briggs et al., 2007; Leedy et al., 2010; Struwig et al., 2010). 
Qualitative approaches often focus on words and observation (Zikmund, 2003), and 
deal with the experiences of the participants (Bloomberg et al., 2008; Creswell, 2007). 
Qualitative research deals with the human side of an issue by exploring how people feel and 
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why they feel the way that they do (Bloomberg et al., 2008). The samples used are often 
small (Veal, 2005) and questions are open-ended (Struwig et al., 2010).  
As such, qualitative research is seated in the experiences of individuals and displays 
the following characteristics: 
• It takes place naturally; 
• It uses multiple methods that are interactive and humanistic;  
• It focuses on context; 
• It is emergent, rather than tightly prefigured; and 
• It is fundamentally interpretive 
(Marshall, & Rossman, 2006, p. 2) 
Struwig et al. (2010) mention that a qualitative research is a post-modernist approach 
that is interdisciplinary (Thomas, 2003), multi-paradigmatic and multi-method, because its 
research methods include observation, source analysis, interviews and content analysis. In 
addition, qualitative research is subjective, value-laden and biased (O’Leary, 2004). In other 
words, it is a process that distinguishes multiple realities by studying a small sample (Veal, 
2005). Miller and Salkin (2002) add that a qualitative approach allows the researcher to gain 
rich, detailed knowledge of a specific phenomenon. 
2.3 Ontology, epistemology and methodology 
Three fundamental elements distinguish paradigms, namely ontology, epistemology 
and methodology (Schnelker, 2006). 
• Ontological assumptions include the nature and form of reality and determine 
what comprises ‘legitimate’ researchable questions.   
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• Epistemological assumptions encapsulate the nature of knowledge and what is 
regarded as knowledge.   
• Methodological assumptions deal with the processes researchers apply to 
explore what they believe can be known; and the rationale behind these 
procedures.   
(Schnelker, 2006, p. 44) 
Vaishnavi et al. (2004) have summarised the assumptions of positivistic and 
interpretative research perspectives (Table 3.1).  
Table 3.1: 
Philosophical assumptions of positivist and interpretive research perspectives (based on 
Vaishnavi, & Kuechler, 2004) 
Basic belief Research perspective 
 Positivist Interpretive 
Ontology A single reality. Knowable 
and probabilistic 
Multiple realities, socially 
constructed 
 
Epistemology 
 
Objective, dispassionate, 
detached observer of truth 
 
Subjective, values and 
knowledge emerge from 
interaction 
 
Methodology 
 
Observation, quantitative, 
statistical 
 
Participative, qualitative, 
hermeneutical, dialectical  
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Axiology (value) 
 
Universal truth which is 
beautiful and predictable 
 
Understanding, descriptive 
and situated 
 
 
Although quantitative data were generated in this study, the explanations offered, 
were not framed within a positivistic stance, but were used for triangulation towards 
interpreting the entire data set. A single, knowable reality was not assumed, nor did the 
researcher consider himself to be an objective, dispassionate observer of the truth. However, 
observations were made and statistical data were recorded in the hope that they would 
provide some basis for tentative predictions when triangulated with the qualitative data. 
However, it is important to note that the approach used in this study was not purely 
interpretive either and did not include pure naturalistic or phenomenological notions. 
Nevertheless, the possibilities of multiple, socially constructed realities were recognised and 
the subjectivity of the knowledge that emerges is acknowledged as being subjective, 
descriptive and situated. While the essence of the study was interpretivistic the research 
employed a mixed-methods approach, but with a bias towards utilising qualitative methods 
(only descriptive statistics are presented and the quantitative data were not subjected to 
inferential analysis techniques). 
2.4 Mixed-method research 
Johnson and Christensen (2004, p. 34) highlight that researchers employ the mixed-
method research when they wants to “understand both the subjective and objective realities of 
the world”. Mixed-method research is pragmatic and utilises a combination of quantitative 
and qualitative data (Creswell, 2007). The aim of using mixed method research is to improve 
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researchers’ understanding of the research participants’ world (Hesse-Biber, & Leavy, 2006). 
Lee and Lings (2008, p. 379) have identified three advantages of using mixed-method 
research, i.e. that it enables triangulation (more angles from which to view the phenomenon); 
facilitation (data can be used across methods to enhance analysis); and it is complementary 
(the methods are used to manage the relation of various aspects of the research project).     
This study used both qualitative approaches such as using interviews, argumentation 
writing frames, classroom observations and a questionnaire with open-ended questions to 
evoke meaningful responses that could not be anticipated by the researcher; and quantitative 
approaches using baseline tests, a checklist and a close-ended questionnaire for statistical 
purposes. The types of data that were generated in this study are depicted in Table 3.2. 
Table 3.2:  
Qualitative and quantitative data generation in this study 
Instrument      Qualitative data Quantitative data 
Questionnaires (pre- & post-)         
Interviews        
Argumentation writing frames        
Checklists            
Teacher journals       
 
According to Creswell (2003), mixed methods research is practical, because it gives 
the researcher the freedom to use all available methods to deal with a research problem. In 
addition, mixed methods can be used to solve problems using both numbers and words; by 
combining inductive and deductive thinking (Caracelli, & Greene, 1993).  
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Du Plessis and Majam (2010, p. 469) warn that although mixed methods can be 
applied in a variety of ways and at any stage of the research design, implementation or 
analysis of a research projects; it should preferably be applied in such a way that the 
quantitative and the qualitative data are “not only complementary, but also mutually 
informative”. Finally, Sandelowski (2000) adds that mixed-method research improves the 
diagnostic power of a study. 
3. RESEARCH DESIGN 
A research design supplies the general structure for the procedure that would be 
followed for selecting the research site, the subjects, data collection and analysis for a 
research study (Leedy et al. 2005; McMillan, & Schumacher, 2001; Mouton, 2001). A 
researcher selects the design which will not only provide appropriate information, but also 
ensures efficiency (Hair, Babin, Money, & Samouel, 2003). Thus, the research design elects 
how the research is set up, what happens to the participants, and which methods of data 
collection are used. 
The data collection techniques chosen for this study comprised three phases, namely 
the pre-implementation phase, the implementation phase and the post-implementation phase. 
Phase 1:  Pre-implementation phase 
During this phase the teachers were introduced to the objectives of the study and the 
ethical aspects of the research, as required by the NMMU Human Research Ethics Committee 
This phase used questionnaires, checklists and a workshop with a curriculum intervention 
programme to produce the necessary data. In addition, the participants were introduced to 
journal keeping. 
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The intervention strategy was introduced via a workshop which allowed practice 
using the argumentation writing framework from readings on colloquial understandings of 
lightning and scientific explanations of lightning. The participants participated in practical 
sessions using the science apparatus provided for use with their learners in their respective 
schools. The teachers were introduced journal to writing for the purpose of the study. The 
intention was that the pre-test questionnaires, the checklists, their journal entries and 
completed writing frames would provide baseline data as to the teachers’ understandings and 
beliefs about lightning. Similarly, the written records in the writing frames provided data for 
analysis in terms of what the teachers considered important and gave an indication of the 
levels of argumentation that they could produce. The workshop also introduced the 
participants to the argumentation writing frames, which produced both quantitative and 
qualitative data. 
Phase 2:  Implementation phase 
The teachers were required to implement the strategy in their classrooms by requiring 
their students to complete the pre-test questionnaire and a standard (text-book based) test on 
their understandings of electrostatics phenomena. Thereafter they, the learners, were charged 
with reading the colloquial reports on incidences of lightning, after which they were 
introduced to the argumentation writing frame. In another teaching and learning session, the 
learners watched U-tube videos and read science-based articles on electrostatics and 
lightning. They were provided with appropriate apparatus and issues to be investigated, as 
well as argumentation frames for completion. On completion of the practical activities, the 
post-test questionnaire and content-based post-test were re-administered. The teachers were 
required to record their classroom observations and impressions in their journals. Again, the 
assumption was that the learners’ pre- and post-tests (questionnaires and content tests), their 
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records on the argumentation frames, and the teacher observations and impressions would 
provide a source of data for analysis and triangulation. 
Phase 3:  Post-implementation phase 
Individual interviews 
An individual interview is an in-depth interview that allows the interviewer to discuss 
a specific topic to gain more insight than using a semi-structured interview (Hennick et al., 
2011). These authors add that an in-depth interview is not simply a conversation, but a 
researcher eliciting the view of the participants. 
Interviews present the opportunity to access data that cannot be achieved from 
observation and fill the gaps and omissions left by questionnaires (Bogdan et al., 2003). 
Individual interviews allowed me to gain the necessary insight to form an informed opinion 
about the beliefs and behaviours of the participants with regard to electrostatics and the 
phenomenon of lightning. 
After interviewing the learners, the teachers would record their findings in their 
journals and then be interviewed in order to clarify, authenticate and flesh out the data of the 
study in an attempt to provide valid and reliable findings in relation to the research questions. 
The research methodology and research instruments alluded to above, as well as the paradigm 
in which the research is framed, are discussed in greater detail in chapter three where the 
notion of validity is interrogated and framed, perhaps more appropriately, in term of 
trustworthiness and/or believability (Creswell, 2005). 
A schematic overview of the research design is presented in Figure 3.1. 
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Figure 3.1: Schematic representation of the data collection procedure 
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4. METHODOLOGY 
While the research design tells one what was done, research methodology tells one 
how it was done. A description of the research employed usually includes the sample and 
setting, data collection techniques, data analysis techniques, and an overview of how reliable 
and valid the findings can be considered (or how trustworthy the data are in qualitative 
research). These issues are considered in the section below. 
4.1 Sample 
Collins English Dictionary (2009) defines a sample (specimen), as a small part of 
anything that is proposed as representative of the whole. When dealing with people, it can be 
defined as a set of participants selected from a larger population for the purpose of a survey. 
A sample is used in an attempt to generate an understanding of the population from which it 
was taken (De Vos et al., 2002). Leedy et al. (2010) suggest a sample size of between five 
and twenty-five individuals in a qualitative study, bur raise the caveat that all the participants 
should have had direct experience of the phenomenon studied.  
Using Leedy et al.’s figure as a yardstick, this study utilised purposive sampling of 
schools, teachers and their learners in order to illustrate the views of particular subgroups of 
interest and facilitate comparisons within and between the different groups. The qualitative 
aspect of the study directed the researcher to purposefully select participants that would best 
help him understand the problem and the research question (Creswell, 2007; Huysamen, 
2001). The sample of participants duly ‘represents’ the phenomenon in question and provides 
the data required to contribute to debate on the topic (Thomson, 1997:164). The researcher 
used his knowledge about the population to handpick the participants (Polit, & Hungler, 
1993) from ten high schools in the Uitenhage District in the Eastern Cape Province of South 
Africa. The ten schools and the participating teachers were selected because of their cultural 
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backgrounds and the backgrounds of the learners that they taught, i.e. all but one of these 
schools served historically disadvantaged learners from isiXhosa-speaking and Coloured 
communities, providing a spectrum of learners from the three predominant cultural groups in 
the area. The schools provided a convenience sample (Struwig et al., 2010) as the schools all 
fell in the district in which the researcher was a departmental official; the teachers were 
known to the researcher; and the teachers and principals had earlier expressed an interest in 
participating in the planned research. For the purpose of confidentiality, these schools are 
referred to by alphabetical characters. One school was previously referred to as a Model C 
school; four schools were former Department of Education and Training schools (township 
schools for Black African learners); while five schools were from the former House of 
Representatives (schools that previously served the Coloured community). 
The above exercise attempted to provide the major variations in responses with regard 
to the educators’ experiences insofar as lightning as a form of electrostatics is concerned. It 
also attempted to investigate issues experienced in schools with regard to the integration of 
everyday knowledge and indigenous knowledge into the teaching and learning of 
electrostatics. 
4.2 Data collection techniques 
As noted earlier, the data collection instruments used in this study included 
questionnaires, argumentation frameworks, checklists, classroom observation, teacher 
journals and interviews. 
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Questionnaires 
A questionnaire is an instrument that can contain open- or closed-ended questions or 
statements. Terre Blanche, Durrheim and Painter (2006) mention that a questionnaire is the 
most common tool to gather data and constitutes a group of written questions used to gather 
information from participants A questionnaire is a valuable instrument to acquire facts, 
beliefs, attitudes and opinions from participants on particular issues (De Vos et al., 2002; 
McMillan et al., 2001). 
Questionnaires were used as pre-test as well as post-test evaluations of the teachers’ 
understanding of the phenomenon of lightning. The objective was to determine whether the 
participants had developed a better understanding of lightning after the curriculum 
intervention programme that considered their everyday knowledge, indigenous knowledge, 
and scientific argumentation. The test of argumentation skills was situated within the 
argumentation writing frame which was provided for the participants (Appendix I). 
Argumentation writing frames 
The term argumentation means giving reasons (a set of assumptions) to justify a claim 
with the support of the data. The interaction is not used or meant as a confrontation (Besnard 
et al., 2008; Shakespeare, 2003). A claim must be supported by at least two elements, namely 
data and warrants. Warrants in essence refer to the manner in which the data are related to 
claims “providing the justification for belief” (Besnard et al., 2008; Osborne et al., 2001, p 
63). The data and warrants are extended by considering backings and possible rebuttals. The 
study made use of an article on lightning, which assisted participants in employing Toulmin’s 
Argumentation Pattern in order to familiarise themselves with the argumentation frame and to 
reflect on their understandings and beliefs. 
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Checklists 
Participants were required to answer a short checklist with multiple option answers, 
which were used for statistical purposes in the quantitative part of the study. Checklists are 
easy to construct and are used when participants are expected to rate aspects using given 
criteria (Struwig et al., 2010). A 5-point Likert scale was employed (Struwig et al., 2010, p 
94) with the options ranging from ‘strongly agree’ to ‘strongly disagree’.  Struwig and Stead 
(2010) suggest that a scaled-response be used to collect data on the feelings and perceptions 
of participants. In addition to the 5-point scale, a variable option true/false method was used 
to generate quantitative data. 
Classroom observation  
Struwig et al. (2010) note that observation should take place in a natural setting and 
that the participants should be unaware that they are being observed. For this reason, I did not 
personally conduct the classroom observations, but engaged the teachers to take field notes as 
their teaching unfolded. The taking of field notes is less obtrusive than explicit observation, 
while journal-keeping allows teachers to reflect on the process under observation (Struwig et 
al., 2010). As such, the classroom observation of the study was be done by the teachers who 
took note of how the learners’ knowledge and understanding of electrostatics grew. They 
used their field notes to compile their journals. 
Teacher journals 
Journal-keeping incorporates a person’s experiences, thoughts, feelings and opinions 
into the research process (Ortlipp, 2008), an accepted practice for interpretivist research 
(MacNaughton, 2001). As noted earlier, in this study, the journals provided less intrusive 
proxy classroom observation via the teachers taking note of how the learners’ knowledge and 
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understanding of electrostatics grew during the process. In particular, the teachers were 
expected to note the learners’ everyday view and their indigenous knowledge as the teaching 
of the topic of lightning proceeded. 
Individual interviews 
An individual interview is an in-depth interview that allows the interviewer to discuss 
the specific topic to gain insight using a semi-structured interview (Hennick, Hutter, & 
Bailey, 2011). These authors add that an in-depth interview does not simply entail a 
conversation, but that a researcher elicits the views of the participants. Interviews present an 
opportunity to access data that cannot be achieved from observation and fill in the gaps and 
omissions left by questionnaires (Bogdan et al., 2007). In-depth interviews also can provide 
information in order to understand: 
• How people make decisions 
• People’s own beliefs and perspectives 
• The motivation for certain behaviour 
• The meaning that people attach to experiences 
• People’s feeling and emotions 
• The personal story or biography of a participant 
• In-depth information on sensitive issues 
• The context surrounding people’s lives 
(Hennick et al., 2011, p.109) 
After interviewing the learners, the teachers recorded their findings in their journals. 
In turn, the teachers were interviewed in order to clarify, authenticate and flesh out the data of 
the study in an attempt to provide valid and reliable findings in relation to the research 
questions. The interview process allowed me to gain insights to form opinions about the 
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beliefs and behaviours of the participants with regard to electrostatics and the phenomenon of 
lightning. 
4.3 Data analysis and interpretation 
Data analysis is a process of breaking down and realigning data to bring order, 
structure and meaning to the volume of data collected (De Vos et al., 2005; Marshall et al., 
2006; Mouton, 2001). Marshall et al. (2006) state that in a qualitative study, data collection 
and analysis goes hand-in-hand in building a coherent interpretation.  Data analysis enables 
the researcher to develop ideas from findings and then interpret and relate them to literature 
(Bogdan et al., 2007). 
The quantitative data generated from the participants’ responses to the questionnaires, 
the checklists and the argumentation writing frames were inspected to seek patterns or 
contradictions between participants in relation to all their views on the lightning. The 
participants’ responses to each of the questions were scrutinised and categorised. Where 
appropriate, the descriptive statistics generated were illustrated as a graphical presentation of 
the quantitative scores. 
Esterberg (2005) describes qualitative analysis as a process of constructing sense or 
meaning. Therefore, the participants’ observation and interview data were inspected and 
interrogated in an attempt to identify trends and/or themes in terms of the teachers’ beliefs. 
Furthermore, the data was examined to establish the teachers’ interpretation of specific aim 
three of the Physical Sciences curriculum, which calls for incorporation of indigenous 
knowledge into science teaching and learning, in relation to their views on lightning. The 
qualitative and quantitative data were evaluated and compared using the triangulation of 
various sources to establish the credibility of information (Bogdan et al., 2007; Springer, 
2010). 
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The analytical framework which takes into account each of the research sub-questions 
is presented in table 3.3. 
Table 3.3  
Framework for data analysis  
Issue investigated Instruments used Analysis 
 
Strategy implementation 
 
Teacher Journals 
Interviews 
 
Thematic analysis 
 
 
Argumentation 
 
Argumentation frames 
Journals 
 
TAP analysis 
Thematic analysis 
 
Electrostatics knowledge Tests 
Argumentation frames 
 
Inspection 
Motivation Teacher journals 
Interviews 
Checklists 
 
Thematic analysis 
 
Confidence 
 
Teacher journals 
Interviews 
Checklists 
 
Thematic analysis 
 
4.4  Measures of trustworthiness (validity and reliability) 
Creswell (2007) states that throughout the process of data collection and analysis, the 
researcher needs to ensure that his/her findings and interpretations are accurate, in order to 
ensure the trustworthiness of the study. Trustworthiness is referred to as validity in empirical 
studies and it is explained to be the extent to which the researcher can rely on the concepts, 
methods and inferences of the study (Struwig et al., 2010). In this study, the trustworthiness 
of the data was promoted by ensuring credibility, transferability, dependability and 
confirmability, as discussed below. 
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Credibility 
Ary, Jacobs and Razavieh (2002) refer to credibility as the accuracy or validity of the 
research. Creswell (2007) proposes triangulation to validate the research findings.  De Vos 
(2002) explains that triangulation uses several different types of sources to gain insight about 
the same events or relationships. This study achieved triangulation through the use of 
different data collection methods, such as questionnaires, checklists, individual interviews 
and a workshop.  This allowed me, the researcher, sufficient opportunities to ensure that the 
data collected were credible. 
Transferability 
The degree to which the findings of a qualitative study can be applied or generalised 
to other contexts is termed transferability (Ary et al., 2002). In this study, transferability was 
achieved by a detailed description of the research methods and findings. This, in turn, will 
assist other researchers in determining whether the research data could be transferred to other 
settings. 
Dependability 
Dependability relies on the process being logical, traceable and documented 
(Schwandt, 2007). This study ensured dependability by using rich, detailed descriptions of 
the research methodology, as well as making available the audio-recordings and 
transcriptions and the triangulation of the different methods of data gathering, such as 
questionnaires, checklists and individual interviews. 
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Confirmability 
This issue is determined by whether the findings of the study can be confirmed by 
another study (De Vos, 2002). This study maximised the aspect of confirmability by keeping 
records of the raw data collected through the questionnaires, the journal information, 
checklists, individual interviews and the workshop. Furthermore, a record of the data analysis 
was also kept. 
5. ETHICAL CONSIDERATIONS 
Creswell (2007) mentions that a researcher needs to respect the participants and the 
sites for research, as many ethical issues arise during the planning and data collection stages 
of the research. Ethical issues come into consideration when a researcher interacts with other 
people; and moral rules of behaviour must apply (Mouton, 2001). 
Ethics is a set of morally sound rules and behaviours that needs to be adhered to by 
researchers (Bloomberg et al., 2008; Gomm, 2004). To protect the integrity of this study, the 
researcher adhered to the rules of copyright, avoided plagiarism and thought ethically, 
avoided any kind of harm to participants and deception, acknowledged the participants right 
to privacy and adhered to the principle of informed consent, as proposed by Williams (2003). 
5.1. Confidentiality  
In this study, the participants’ right to anonymity was ensured by not revealing their 
identity. Anonymity contributed towards their willingness to share information.  Anonymity 
also applied to the collation of data from the questionnaires, checklists, argumentation frames 
and the interviews. Confidentiality was also ensured by conducting the interviews in private. 
The recorded information remained in the custody of the researcher for safekeeping (Mouton, 
2001).  
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5.2. Informed consent  
All participants and their respective principals were furnished with informed consent 
forms before they engaged in the research. This form undertook to protect participants’ rights 
during and after the research study. 
All possible participants in the study were advised to consider the following:  
• Participation would be on a voluntary basis 
• Disclosing information was not obligatory 
• There was an option to walk away (opt out)  at any stage of the research 
• Information would be treated confidentially  
• Strict anonymity would apply 
• All possible risks would be minimised or avoided 
• Findings of the research would be made available on request 
• All queries would be addressed by the researchers 
• My appreciation of your willingness to participate. 
(Struwig et al., 2001, p. 68) 
5.3. Professional ethics  
Researchers have a moral obligation to search for the truth and knowledge; this is 
referred to as the “epistemic imperative” (Mouton, 200, p. 239). An imperative implies that a 
type of moral agreement has been entered into; and this contract is inherent to all scientific 
inquiry (Mouton, 2001). In addition to the above, Shamoo et al. (2009, p. 20) mention, the 
following: carefulness, honesty, objectivity, integrity and non-discrimination. 
In keeping with the accepted professional ethics of research, the aims of the study, as 
well as the research design and methodologies were communicated and discussed with the 
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principals and teachers prior to any data collection taking place. The right to full disclosure 
about the research topic and the results of the study was also conveyed to the participants. 
Ethical clearance was sought from, and approved by, the relevant Faculty of Education 
Research, Technology and Innovation Committee. 
6.  CHAPTER SUMMARY 
In this chapter, the positivist and interpretative research paradigms were alluded to in 
order to frame the pragmatic paradigm in which this study was conducted and elucidate the 
philosophical assumptions in which the study was based. The mixed-method approach that 
was used for the collection of data was explained, as both qualitative and quantitative data 
brought equally valuable and diverse views to the study. The approaches were carried out 
simultaneously and the integration and triangulation of the qualitative and quantitative data 
took place during the interpretation of the data.  
An overview of the research design was presented. The study sample was described 
and the processes of data collection and data analysis were formulated. The analytical 
framework was presented in tabular form. The notion of trustworthiness was considered, and 
ethical considerations were discussed, highlighting the value of confidentiality, informed 
consent, as well as professional ethics. 
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CHAPTER FOUR 
RESEARCH FINDINGS 
1. INTRODUCTION 
The findings of this study will be reported on in this chapter as the basis upon which 
to answer the primary research question, namely: What is the effect of a strategy framed 
around learners’ indigenous knowledge, everyday knowledge and scientific argumentation on 
the teaching and learning of electrostatics at Grade Ten level? The data obtained from the 
teachers’ pre-and post-questionnaires, argumentation writing frames, teacher checklists, 
journal summaries and individual interviews, as well as data obtained from the learners, will 
be presented. 
The argumentation framing, journal keeping and individual interviews data allowed 
for triangulation and cross-validation. The pre- and post-test questionnaires and the checklists 
provided corroborative and complementary information on the participants’ teaching and 
learning practices, as well as insights into their ability to integrate indigenous and everyday 
knowledge with scientific argumentation in the teaching of electrostatics. 
2. TEACHER QUESTIONNAIRES 
The data generated via the teachers pre- and post-test questionnaires, as well as a 
report on the differences between the two, are presented below. As part of the ethical 
agreement all respondents and the schools to which they were affiliated, were identified by a 
given code. Teacher participants were referred to as educator E1 to E8. 
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2.1 Teacher pre-test questionnaire 
The pre-test questionnaire was primarily designed to generate quantitative data, but 
some qualitative data was also produced. The findings of the teachers’ pre-test questionnaire 
were analysed in an attempt to establish the teachers’ views and understandings of IKS; and 
the value of integrating the everyday knowledge and IKS of the learners into the teaching of 
electrostatics. The outcomes of the teachers’ pre-test questionnaires are presented in Tables 
4.1 to 4.7 below, and the tables are followed by a short interpretation, with brief references to 
relevant literature.  
Table 4.1  
Using your everyday knowledge, explain what lightning is 
Respondent Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
Bolt of light from the sky 1     1   1 1 1 5 
Kind of electricity   1   1         2 
Movement of electrical charges     1           1 
Clash of clouds         1       1 
Light caused by weather               1 1 
Table 4.1 indicates that most teacher participants recognised lightning as a “bolt of 
light from the sky” (E1, E4, E6, E7, & E8), while others viewed it as related to electricity 
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(E2, E4, & E7), and others associated lightning with the weather. The teachers supplied a 
variety of different answers, which indicate teachers’ prior knowledge, which they perceived 
as everyday knowledge, i.e. knowledge gained through social action (Crepso, & Pozo, 2004) 
and within a specific context (Young, 2009).  
Table 4.2 
Teacher Pre-test responses to: Explain the phenomenon of lightning using your cultural 
(indigenous) knowledge. 
Respondent Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
Punishment for bad people 1               1 
Dangerous light that can harm or kill you   1 1       1   3 
Fire caused by the prince of rain           1     1 
Storm warning         1       1 
God displays anger       1       1 2 
 
The participants provided a variety of answers, with the most common answer (given 
by E2, E3 and E7) being: “Dangerous light that can harm or kill you” (see Table 4.2 above). 
This view was explained by E6 during the workshop when he shared a childhood experience. 
He explained that he was raised in a rural village on the outskirts of Mthatha.  He recalled 
that on one sunny day a couple of elder men had a heated argument; and later that day when 
the lightning and thunder erupted in the area, his grandmother explained that it was the men 
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using the elements to settle their argument. This convinced him that people could control 
thunder and lightning to harm others. 
Table 4.3 
Teacher pre-test responses to: Define lightning to the best of your scientific ability. 
Respondent Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
Flow of charged particles (discharges of 
electrical particles) 
1 1 1 1 
 
1 1 1 7 
Pressure in the clouds 
    
1 
   
1 
All but one of the participants was of the view that lightning was caused by the 
movement of electrical particles (Table 4.3). 
Table 4.4 
Teacher pre-test responses to: Does any of the answers supplied above conflict with the 
other(s)? 
Respondent Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
Yes 
 
1 
 
1 
   
1 4 
Yes, not all bad people are struck by 
lightning 
1 
       
1 
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Yes, indigenous knowledge clashes with 
scientific knowledge 
   
1 
    
1 
Yes, our parents lied to us 
       
1 1 
No 
  
1 
 
1 1 1 
 
4 
 
The teacher participants were divided on whether or not their everyday knowledge, 
indigenous knowledge and scientific notion of lightning, conflicted. Table 4.4 depicts that 
half of the respondents acknowledged a conflict. However, E6 indicated that there was no 
conflict in his views of lightning, however Table 4.2 reveals that when he (E6) applied his 
indigenous knowledge, he thought that lighting was caused by “the prince of rain” while, 
scientifically, E6 attributed lightning to: ”a flow of charges”. 
Table 4.5 
Teacher pre-test responses to: Does the setting determine which of the above answers you 
would give?  
Respondent Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
No 1 1 
 
1 
  
1 
 
4 
Yes 
  
1 
 
1 1 
 
1 4 
Yes. A person with no scientific knowledge 
cannot grasp the idea charges. 
  
1 
  
1 
  
2 
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Yes, lightning precedes a powerful storm 
    
1 
   
1 
Yes, the scientific one is true 
       
1 1 
 
Table 4.5 reflects on whether the setting influenced the way in which teachers would 
answer a question pertaining to their views of lightning;, and indicating a 50-50 split in the 
responses given by the teachers.  Two of the four teacher participants who stated that their 
responses conflicted, attributed this to the level of knowledge of the individual posing the 
question.  
To the question: “Who creates lightning?” the everyday knowledge responses 
included “God” (E1, E2, E4 and E8) and “rainy weather” (E3, E5, E6 and E7), while the 
indigenous knowledge systems (IKS) responses were dominated by “ancestors” (E1 and E2) 
and “the gods” (E3, E4 and E6). Scientific answers focused mainly on “charges in the 
clouds” (E1, E3, E4, E5, E7 and E8).   
Table 4.6 
Teacher pre-test responses to: Do you think that sharing and testing everyday knowledge and 
indigenous knowledge about lightning add value? 
Respondent Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
No 1 
       
1 
No, There is no link between indigenous 
knowledge and science. Everyday 
1 
       
1 
80 
knowledge could be used to explain certain 
phenomena 
Yes 
 
1 1 1 1 1 1 1 7 
Learners will respect each other and their 
cultural issues. 
1 1 1 1 
 
1 
  
5 
Their knowledge complement each other 
    
1 
  
1 2 
It helps to dispel myths 
      
1 
 
1 
 
Most of the teacher participants felt that integrating everyday and indigenous 
knowledge would add value to an individual’s understanding of the phenomenon of lightning, 
but E1 indicated that there would be no value in integrating IKS into the science classroom 
practices.  
Table 4.7 
Teacher pre-test responses to: True or False statements 
Which of the following statements are true and which is false? TRUE FALSE 
Lightning never strikes the same place twice 2 6 
If it’s not raining or there aren’t clouds overhead, you’re safe from 
lightning. 
1 7 
Rubber tires on a car protect you from lightning by insulating you from the 
ground 
6 2 
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The human body does not store electricity. It is perfectly safe to touch a 
lightning victim to give them first aid. 
1 7 
If outside in a thunderstorm, you should seek shelter under a tree to stay 
dry. 
0 8 
A house is a safe place to be during a thunderstorm as long as you avoid 
anything that conducts electricity. 
8 0 
Structures with metal, or metal on the body (jewellery, cell phones, Mp3 
players, watches, etc), attract lightning. 
7 1 
If trapped outside and lightning is about to strike, I should lie flat on the 
ground. 
5 3 
The colour red doesn't attract lightning. 5 3 
Covering the mirrors in a house won't make a difference. 7 1 
Syringa trees aren't more strike-prone than other tree species of similar 
height 
7 1 
A tyre on the roof won't drive lightning away 7 1 
Some people can control lightning 1 7 
 
From Table 4.7, which depicts the ‘true’ or ‘false’ statements, the data generated 
indicate that the teachers were divided in their responses to two of the thirteen questions. 
These questions were: 
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(a)  If trapped outside and lightning is about to strike, I should lie flat on the 
ground;  
(b) The colour red doesn't attract lightning. 
2.2 Teacher post-test questionnaire 
Table 4.8 and Table 4.9 below reflect the responses teachers gave to the two sub-sections of 
the post-test questionnaire.  
Table 4.8 
Summary of post-test statement responses by teachers 
Question Answer Supplied Total 
Using your everyday knowledge, 
explain what lightning is. 
Electric bolt of light from the sky 6 
Type of electricity 7 
Movement of electrical charges 2 
Explain the phenomenon of 
lightning using your cultural 
(indigenous) knowledge 
Punishment for bad people 1 
Dangerous light that can harm or kill you 5 
God displays anger 3 
Define lightning to the best of 
your scientific ability 
Flow of charged particles (discharges of 
electrical particles) 
8 
Do any of the answers supplied 
above conflict with the other(s)? 
Yes 7 
Yes, indigenous knowledge and  scientific 
knowledge clash 
7 
  No 1 
When someone asks you to give 
your understanding of lightning, 
No 6 
Yes 2 
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does the setting (or circumstances) 
determine which of the above 
answers you would give?  
Yes. The context or knowledge of the 
person determines my answer 
3 
Who create(s) lighting? Use 
everyday knowledge:  
God 2 
Natural phenomenon  6 
Use Indigenous knowledge 
systems 
Ancestors 6 
The gods 2 
Scientifically: Electrical charges within the clouds 8 
Why are people struck by 
lightning? Use everyday 
knowledge:  
No precaution is taken 5 
Bad people 
3 
 Use IKS They are in the path of the lightning 3 
They wear red clothing and/or jewellery 1 
Scientifically: They use electrical appliances 1 
They are the tallest object in the area 4 
They are in the path of the lightning 6 
What is thunder? Sound caused by lightning 8 
  A natural phenomenon 8 
    
What can be done to protect 
yourself (including your home) 
from lightning   
  
Use everyday knowledge: Stay indoors 6 
Avoid open spaces 3 
Avoid trees 3 
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Use Indigenous knowledge 
systems: 
Pray 5 
Don't wear red clothing or jewellery 4 
Scientifically: Earth conductor 8 
Switch off all electrical appliances 3 
 Does the inclusion of everyday 
knowledge and IKS add value? 
Yes 8 
Learners will understand each other’s 
cultures 
5 
It helps to dispel myths 3 
 
The responses provided in the post-test questionnaire by the teacher participants 
differed from the pre-test responses, in that the answers were less varied. When expressing 
what lightning was, the teachers’ everyday knowledge and their scientific answers aligned 
(electricity or a flow of charges). When using their indigenous knowledge, teachers 
maintained their beliefs that lightning is a form of punishment, a dangerous light or the gods 
displaying anger. 
The teachers gave scientifically acceptable answers to what constitutes safe behaviour 
when using everyday knowledge and science in the event of a lightning storm. Once again the 
cultural beliefs regarding safe behaviour were maintained, e.g. praying and not wearing red 
clothing or jewellery. The findings on the preservation of cultural beliefs are in line with the 
views of Aikenhead (2001), Keane, (2008) and Thompson (2003), who contend that cultural 
practices and philosophical thinking have developed over many generations in African as 
well as other long-established cultures and are not easily changed. 
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Table 4.9 
Summary of post-test True/False statements by teachers 
Which of the following statements are true and which are false? TRUE FALSE 
Lightning never strikes the same place twice 0 8 
If it’s not raining or there aren’t clouds overhead, you’re safe from 
lightning. 
0 8 
Rubber tires on a car protect you from lightning by insulating you 
from the ground. 
8 0 
The human body does not store electricity. It is perfectly safe to touch 
a lightning victim to give them first aid. 
0 8 
If outside in a thunderstorm, you should seek shelter under a tree to 
stay dry 
0 8 
A house is a safe place to be during a thunderstorm as long as you 
avoid anything that conducts electricity. 
8 0 
Structures with metal, or metal on the body (jewellery, cell phones, 
Mp3 players, watches, etc.), attract lightning. 
8 0 
If trapped outside and lightning is about to strike, I should lie flat on 
the ground. 
2 6 
The colour red doesn't attract lightning. 7 1 
Covering the mirrors in a house won't make a difference. 8 0 
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Syringa trees aren't more strike-prone than other tree species of similar 
height. 
8 0 
A tyre on the roof won't drive lightning away. 8 0 
Some people can control lightning. 1 7 
 
Table 4.9 highlights that the intervention strategy resulted in teachers reaching 
consensus on ten of the thirteen questions, and that the majority of the teachers were in 
agreement about the remaining three questions. The table further indicates that the 
disjuncture that was evident in the pre-test (Table 4.7), where teachers held different views on 
whether one should lie flat on the ground during a lighting storm, and whether or not red 
clothing attracts lightning, had been resolved.  
2.3 Main differences between teachers’ pre- and post-test responses 
The first difference between the teachers’ responses in the pre-test and post-test is that 
the answers supplied to explain lightning were less varied in the post-test in all three sub-
sections of the question. In the post-test the everyday knowledge responses all referred to 
electricity in one form or another, while the scientific response was the same for all 
respondents in the post-test.  
Regarding the question whether their everyday, indigenous and scientific views of 
lighting were conflicting, the pre-test revealed that four of the eight teachers felt that their 
views did in fact conflict. In the post-test, the number of teachers admitted to a conflict in 
their views increased to seven.  In the pre-test four teachers indicated that the setting would 
have an influence on their explanation of the phenomenon of lighting, while after the 
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intervention only two teachers maintained that view. Before the intervention programme, one 
teacher indicated that the integration of IKS added no value to the teaching of scientific 
concepts. After the intervention all teachers agreed that the integration of everyday 
knowledge and IKS added value, because it helped to dispel myths and develop an 
understanding of the beliefs of people from other cultures.   
3. TEACHER ARGUMENTATION FRAMES 
The participants were introduced to Toulmin’s Argumentation Pattern (TAP) and the 
Dialogical Model for Evolving Cognitive Understanding in order to investigate what impact 
the intervention programme would have on the teachers’ ability to integrate everyday 
knowledge, indigenous knowledge and scientific argumentation into their teaching practice.  
Appendix K: Activity 1: “Mum blames a witch” was used to familiarise the teacher 
participants with the argumentation process. The activity was based on a newspaper article on 
an u=incident during which a soccer referee was struck by lightning. The teachers were 
expected to read the article and then make a claim, followed by evidence in support and 
general assumptions. Lastly, they were expected to supply a counter claim or rebuttal to 
oppose the original claim.  
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Figure 4.1: Answers to Activity 1– Mums blames a witch 
The findings for activity 1 indicate that the there was consensus among teachers on 
most of the answers, and after following the steps of the Dialogical Model for Evolving 
Cognitive Understanding (see Chapter Two, Figure 2.5), the teachers presented the answers, 
as illustrated in Figure 4.1. The responses to the activities were captured on writing frames 
and are depicted in Table 4.10.  
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Table 4.10 
Teachers argumentation frames  
Respondent 
Number 
Answer Supplied 
1 2 3 4 5 6 7 8 Total 
Activity 1                   
  
Claim A witch is responsible * * * * * * * * 8 
Reason Someone wanted her child dead * * * * *  *  6 
Reason Only her son was struck even though 
there were many others around with him 
     *  * 2 
Warrant It was done through the power of a witch *       * 2 
Warrant The referee was the only one struck by 
the lightning 
 * * * * * *  6 
Rebuttal The metal whistle attracted the 
lightening. 
*  * * * * *  6 
Rebuttal He was in an open field in the rain  *     * * 3 
Activity 4            
Claim They repel each other * * * * * * * * 8 
Reason Like charges repel * * * * * * * * 8 
Warrant A force of static electricity exerts a force  
on the particles 
 * * * *  *  5 
Rebuttal The wind is blowing them apart      *   1 
Rebuttal It is magic *     *   2 
Rebuttal A force of telepathy is keeping them 
apart 
  *      1 
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Activity 4: “Argumentation in a scientific context” investigated the attraction and 
repulsion of charges. The scientific nature of this activity appeared to be more difficult for the 
teachers; as all eight could offer claims and support (reasons), while only five presented 
warrants, and only four offered rebuttals. This suggests that providing structured arguments 
in a scientific context may be more difficult than when using an everyday or indigenous 
context, an idea which that is in line with the observation by Osborne et al. (2004) and Zohar 
et al.’s (2002 observation that science learners generally display a lack of argumentation 
skills. The difference in the number of responses per argumentation aspect is displayed in 
Figure 4.2. 
  
Figure 4.2 Number of responses to argumentation frames by teachers 
4. TEACHER CHECKLIST 
The teachers where required to complete a checklist, with a 5-point Likert scale 
response for each question. The teachers’ responses are displayed in Table 4.11. 
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Table 4.11:  
Likert scale responses of teachers 
Statement 
St
ro
n
gl
y 
D
isa
gr
ee
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ee
 
N
o
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n
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n
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y 
A
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You were fully aware of the need to 
integrate IKS into your teaching. 
0 0 0 4 4 
The Department of Education gave you 
the necessary support and teaching 
strategies to integrate Indigenous 
knowledge into your classroom practice. 
4 3 1 0 0 
This intervention strategy will help you 
to integrate IKS into your classroom 
practices. 
0 0 0 2 6 
This intervention strategy had a positive 
impact on your:  
     
• Motivation 0 0 1 4 3 
• Confidence 0 0 1 1 6 
Using scientific argumentation to 
Integrate IKS could improve the learners 
achievement and understanding of the 
concept of lightning. 
0 0 0 3 5 
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Indigenous knowledge (i.e. cultural 
beliefs and practices) can be regarded as 
scientific knowledge. 
0 1 2 2 3 
 
Table 4.11 shows that all the teachers were aware of the need to integrate IKS, but 
that they felt that they had not received the necessary support from the Department of 
Education to implement the integration. They all believed that an intervention strategy would 
help to integrate IKS into their classroom practices as well as improve their levels of 
motivation and confidence.  The feeling was that the integration of IKS could improve 
learner achievement, while all but one teacher (E1) felt that IKS could be regarded as 
scientific knowledge. The findings support other research findings, which established that 
teachers’ perceptions and understanding of the nature of science (NOS) and IKS evolved 
following the participation in an intervention programme aimed at improving their 
understanding of the NOS and IKS (Ogunniyi et al., 2008). 
5. LEARNER PARTICIPANTS 
The study included 123 learners, most of whom participated in all the different 
aspects of the study. Learner absenteeism meant that not all the learners completed all the 
data collection tools within the study. The participating learners from the eight sample 
schools each completed a pre-test questionnaire prior to the introduction of the intervention 
strategy; and learners participated in the activities associated with the argumentation writing 
frames. After the intervention programme, the learners completed a post-test questionnaire to 
assess whether or not IKS was successfully integrated with the aid of argumentation. 
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6. LEARNER QUESTIONNAIRES  
As was done with the teachers, the children’s’ pre- and post-test data is presented 
below and the main differences are compared. 
6.1 Learner pre-test questionnaire 
Table 4.12 illustrates the variety of answers the learners supplied to explain the 
phenomenon of lightning using their everyday knowledge. Most of the answers referred to 
lightning as some form of electric charge. Other responses included that lightning was an act 
of God and people’s intention to harm others. When learners were required to explain the 
phenomenon of lightning using their IKS, the answers were also varied, but lightning was 
mostly attributed to God, the gods, the ancestors, witches and evil doers trying to harm or kill 
someone. Scientifically, lightning was explained mainly as an electrical charge.  
Table 4.12 
Learners’ explanation of lightning in the pre-test (n=118) 
  
Question Answer Supplied Totals 
Using your everyday 
knowledge, explain what 
lightning is. 
Electrical charges from the sky. 6 
When the potential differences between the 
charges are high enough, there is a rapid movement 
of charge between the layers, which is a lightning 
strike. 4 
Electrical charges are in the clouds 19 
lightning travels from negative to positive charge 3 
Electric charge that comes from above. 13 
Charge which moves fast during a storm. 6 
Electrical charges get together and form large 2 
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sparks that are attracted to metal conductors. 
Streams of electrical light that appear during a 
thunderstorm. 3 
Electrical charge suspended from the clouds. 5 
When clouds are positively charged and the ground 
is negatively charged then it will occur. 11 
Lightning is a huge number of electrons. 7 
When clouds bump into each other. 6 
Pressure made by weather. 4 
It comes from mother nature. 2 
Something that happens when it rains. 1 
Positive charges from the sky which are thrown 
down by Zeus, the god of lightning. 1 
Lightning is electricity thrown at someone. 0 
God is taking a picture of that area. 7 
God is angry, the witches want to kill someone. 6 
Fight between God and evil men. 2 
No answer given. 6 
Explain the phenomenon 
of lightning using your 
cultural (indigenous) 
knowledge 
Witch craft. 15 
Roman God named Zeus threw lightning bolts 
from a mountain. 14 
When a witch and an enemy get together to do 
something. 1 
When people tour then clouds bump into each 
other. 9 
It is when the gods send down electrical fire to 
break the clouds open and send down rain. 4 
Ancestors could be angry. 2 
Way to destroy someone. 6 
Created by God. 4 
Electrical discharge at a high voltage. 2 
Don’t be outside because it can have an indigenous 
effect on the body. 1 
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It is when God is angry because we sinned too 
much. 1 
It is a sign when God is angry. It also occurs when 
angels are moving around furniture. 6 
Angels are moving the furniture. 5 
Can damage people’s houses and kill people. 1 
The top of the cloud becomes positively charged. 1 
Lightning comes from a witch when she is upset. 12 
When a boy eats from a pot there will be a vicious 
lightning at his ceremony. 12 
When the gods are angry at our sins. It could be the 
witches sending the lightning by witchcraft. 10 
Two gods fighting high in the clouds. 7 
Amakhosi - a Xhosa god. 2 
Define lightning to the best 
of your scientific ability 
Negative charges from the clouds are attracted by 
the positively charged ground. 15 
Dramatic display of electricity. 2 
Sharp rays of light that hit the earth at a pace when 
the weather is stormy 3 
Lightning appears when two or more heavily filled 
clouds come together and then due to the friction 
caused by them lightning is formed. 5 
Interaction between electrical atoms that are 
mostly at rest 6 
When clouds bump/scrape against each other while 
moving 2 
The earth moves around and the atmosphere has 
charges, and when these charges attract they form 
lightning 2 
lightning is a massive electrostatic discharge 
caused by unbalanced electrical charges in the sky 4 
Friction between two clouds therefore suspending 
an electrical charge 14 
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Ice in the clouds are critical to the lightning 
process. Ice in a cloud seems to be a key element 
in the development of lightning 1 
It is a discharge of electric charge that built up into 
a thunderstorm 0 
Interaction between electrical atoms that are 
mostly at rest 1 
Light in the sky 1 
When the clouds and the air polarize and the 
clouds are charged 4 
Positive charges from the clouds are attracted by 
the negatively charged ground. 8 
Natural electrical discharge of very short duration 2 
Ice in the clouds is critical to the lightning process. 
Ice in a cloud seems to be a key element in the 
development of lightning 11 
lightning is a large sum of negatively charged 
electrons that are attracted towards the earth by a 
oppositely charged substance 11 
lightning is when two positive and negative 
charges rub together and they cause high voltage 
electricity that strikes down on the earth which we 
call lightning 10 
When the electrons from the clouds come to earth 
to go in with the neutrons to be neutral 6 
An electric spark which is discharged, occurring in 
a dark cloud 7 
 
With reference to whether the learners felt that their views of lightning using their 
everyday knowledge, IKS and scientific understanding conflicted, most learners conceded 
that there was a conflict, but 34 (28%) stated that the different answers they supplied did not 
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conflict. Table 4.13 illustrates that the learners felt that the conflict existed between their 
cultural and scientific views of lightning.   
Table 4.13  
Responses to whether the learners’ views on lightning conflicted (n=118) 
  
Question Answer Supplied Totals 
Do any of the answers 
supplied above conflict 
with the other(s)? 
Yes, scientifically it is not the work of a witch but 
culturally it is. 12 
Yes, all the others contradict one another 11 
Yes, it shows me different views 6 
Yes, one person says a person creates it another 
says it is in nature 7 
Yes, some of the answers are based on cultural 
knowledge. There is clear contrast between them 8 
Yes, one says its gods fighting in the clouds and 
one says its two negative and positive charges 
rubbing together. 7 
Yes, indigenous people think it is the doing of 
evil 0 
Yes, many people see lightning as a natural 
element, while others see it as a demonic aspect 6 
Yes, in cultural beliefs, lightning is a result of 
actions of God and supernatural beings. Whereas 
scientific knowledge suggests that it is a natural 
occurrence in which charges are responsible 5 
Yes, we each have our own perspectives 5 
Yes, because many people have different answers 7 
Yes, one says Zeus the others say its witch 
crafting and spirits and natural causes 2 
Yes, No reason stated 10 
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No 34 
 
Most of the learners agreed that sharing their everyday knowledge and their IKS 
would add value to their understanding of lightning. Some learners noted that it would help 
them to understand how people from other cultures view lightning, but 19 learners abstained 
and four of the 109 learners noted that the sharing of everyday knowledge and IKS would not 
add any value to the teaching and understanding of lightning.  The complete list of reasons 
supplied as why the learners felt that the inclusion of everyday knowledge and IKS would 
add value, is displayed in Table 4.14.  
Table 4.14 
Would the inclusion of everyday knowledge and IKS add value to the understanding of 
lightning? 
Number of respondents 109 
Question Answer Supplied Totals 
Do you think that sharing 
and testing everyday 
knowledge and indigenous 
knowledge about lightning 
add value to your (or your 
learners’) understanding of 
the phenomenon of 
lightning? Explain your 
answer. 
Yes, so we get a better view on how others see 
and understand lightning. 20 
Yes, lightning is what we see when it is going to 
rain and we are going to learn about lightning. 1 
Yes, sometimes it’s a good story to tell kids. 15 
Yes, you can get more knowledge about the 
world and how cultures differ. 8 
Yes, views expressed by other learners can help 
me understand more about lightning and how it 
happens and how it is good to protect myself. 8 
Yes, it is because the learners come up with 
different views and different answers that is 8 
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interesting. 
Yes, they start getting educated on how to prevent 
yourself from being struck by lightning and 
knowing the cause of what is happening in the 
outside world. 5 
Yes, you gain more knowledge about the 
understanding of lightning by different cultures 
and indigenous knowing. 3 
Yes, you get more knowledge about nature, 
culture and others opinions about their culture. 1 
Yes, it helps children understand things and they 
can share their ideas. 0 
Yes, I am gaining more knowledge but nobody 
will know exactly how it happens. 0 
Yes, No reason stated. 2 
Yes, it forces us to consider the phenomenon 
from all possible aspects and to develop 
conclusions of peoples perspectives. 11 
Yes, they start getting educated on how to prevent 
yourself from being struck by lightning and 
knowing the cause of what is happening in the 
outside world. 4 
  No, many people aren’t interested in rain. 4   
  No answer given. 19 
  
 
6.2 Learner post-test questionnaire 
The post-test revealed that when learners used their everyday knowledge and their 
scientific understanding, all 111 learners who completed the post-test questionnaire attributed 
lightning to be an electrical charge. Table 4.15 reveals that when learners applied their IKS 
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56 learners felt that lightning was a divine action (either from God, the gods or the ancestors), 
while 55 learners blamed it on witches.  
Table 4.15 
The learners’ explanation of lightning in the post-test (n=111) 
Question  Response Total 
Using your everyday knowledge, explain 
what lightning is. 
Electrical charges in the sky 
111 
Explain the phenomenon of lightning 
using your cultural (indigenous) 
knowledge 
Culturally people believe different 
things, such as; the ancestors, God is 
angry, angels are moving furniture, Gods 
taking photos etc. 55 
  Witches (witchcraft) 56 
Define lightning to the best of your 
scientific ability 
Lightning is a massive discharge of 
static electricity between two areas of 
opposite charge 
73 
 
An electric bolt of light 44 
 
 
The reasons why learners felt that their everyday knowledge, their IKS and their 
scientific view of lightning were contradictory, were based on the cultural views of it being 
an act of God or a witch, while science attributes it to a natural phenomenon linked to the 
movement of charges. Table 4.16 indicates that in the post-test questionnaire the number of 
learners who did not perceive a disparity in their views of lightning, increased to 53 (48%).  
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Table 4.16 
Does the learners’ views on lightning conflict? – post-test responses 
Question  Response Total 
Does any of the answers supplied above 
conflict with the other(s)? 
Yes, in cultural beliefs, lightning is a 
result of action of God and supernatural 
beings (witches), whereas scientifically 
we know that lightning is a natural 
occurrence resulting from charge. 58 
  No 53 
 
 
Table 4.17 illustrates that 73 of the 111 learners agreed that the integration of 
everyday knowledge and IKS would expand the learners’ knowledge and understanding of 
lightning, while 31 learners noted that the integration would present opportunities for learners 
to learn about the cultures and beliefs of their classmates. After being exposed to the process 
of argumentation with the aid of IKS integration, all the learners felt that there was value in 
integrating the everyday knowledge and the IKS of the learners in the teaching of lightning.  
Table 4.17 
Would the inclusion of everyday knowledge and IKS add value to the understanding of 
lightning? 
Question  Response Total 
Do you think that sharing and testing 
everyday knowledge and indigenous 
knowledge about lightning add value to 
your (or your learners’) understanding of 
Yes, it allows you to expand your 
knowledge and understanding of 
lightning. 
73 
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the phenomenon of lightning? Explain 
your answer. 
  
Yes, learn about the culture of your 
friends/ classmates. 31 
  
It helps to get rid of wrong ideas of 
lightning. 8 
  Yes, everyone has different opinions. 2 
 No, some cultures have silly beliefs. 4 
 No, not everybody agrees with the 
beliefs of other cultures. 8 
 
6.3 Main differences between learners’ pre- and post-test responses 
In the post-test responses, the learners’ everyday views and their scientific stance on 
the phenomenon of lighting were alike. Both their everyday and scientific responses stated 
that lightning was an electrical charge. The learners’ indigenous views on lightning did not 
change, and these findings support Keane (2008), who stated that indigenous knowledge 
systems are not only part of  the manner in which people interact, but also in the way in 
which the culture of the people is practised. These cultural practices and philosophical 
thinking that were developed over many generations in African cultures will not easily be 
influenced (Aikenhead, 2001; Keane, 2008; Thompson, 2003).  
The pre- and post-test both indicated that the learners had different views of the cause 
and origin of lightning when applying their IKS and their scientific knowledge. In the pre-
test, only 28% of learners felt that even though their views on lighting differed, they did not 
consider it to be conflicting. The post-test revealed that more learners (48%) acknowledge 
that differing views did not necessarily mean conflicting views.   
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In the pre-test, 88 (79%) of the 111 learners agreed that the integration of IKS would 
add value to the learning process, while 4 disagreed and 19 abstained. The post-test indicates 
that 99 (89%) state that IKS would benefit the learning of scientific concept; while 12 (11%) 
were now in direct opposition to the inclusion and integration of IKS.  
7. LEARNER ARGUMENTATION FRAMES 
The teachers used the same procedures and skills of argumentation they had been 
taught during the intervention workshop to facilitate the argumentation process for their 
learners. The learners’ responses to activity 1 (Mum blames a witch) are displayed in Table 
4.18.  
Table 4.18:  
Summary of learners’ responses to Activity 1: Mum blames a witch 
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 Response 10 15 18 13 17 6 4 8 91 
Claim A witch is 
responsible. 
10 15 18 13 17 6 4 8 91 
Reason Only her son was 
struck by the 
lightning. 
2 2  2 4 6 4 8 28 
 Someone wanted to 
kill her son. 
8 13 18 11 13    63 
Warrant Her son was the only 
one person struck by 
lightning. 
8 13 18 13 4 4 4 6 70 
 A powerful witch 
sent the lightning. 
2 2   13 2  2 21 
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Rebuttal The metal whistle 
attracted the 
lightening. 
10 14 15 13 17 6 4 8 87 
 He was the tallest 
person on the field. 
1 4  1     6 
 He was standing 
alone while all the 
players were close to 
each other. 
3  2 3     8 
 
The data reveal that when applying the argumentation process to the activity that was 
based on the IKS of the learners, the responses of the learners were very consistent. The 91 
learner participants could make the claim as uttered by the mother in the article (refer to 
Appendix J).  The reasons (support) and warrants offered by the learners were in line with the 
story in the article, and focussed on the fact that the son was earmarked for death by someone 
and the fact that he, the referee, had been the only one struck by the lightning.  
The rebuttals presented by the learners indicate that they understood what was meant 
by a rebuttal or counter claim. The rebuttals were mainly focused around the fact that the 
referee would be a person with a whistle, and the likelihood of the whistle being made of a 
metallic conductor, was high. Two more rebuttals were offered, namely that the referee could 
have been the tallest person on the field, or that he could have been standing alone, while the 
other players were bundled together. 
The data generated by the activity designed around using argumentation in a scientific 
context revealed that the learners could easily formulate a claim and a reason (see Table 
4.19), but had difficulty in presenting warrants and rebuttals. Of the 88 learners that 
participated in the activity, only 37 (42%) gave answers that could be considered valid. The 
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rebuttals supplied by the learners were varied and included 18 responses (refer to the last 
three responses in Table 4.18) which do not constitute a counter claim. Only 17 (19%) 
learners offered answers that could be considered logical rebuttals. The most popular 
responses included “magic” and “the gods are keeping them apart”, which do not fit into the 
context of science.  
Table 4.19 
Summary of learners’ responses to Activity 4: Argumentation in a scientific context (n=88). 
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 Response 
10 15 18 13 17 6 4 5 88 
Claim They repel each other. 10 15 18 13 17 6 4 5 88 
Reason The net or total electric 
charge stays the same. 
1 3   4    8 
 Like charges repel / They 
have the same charge. 
10 15  13 13 6 4 4 65 
 When you charge 
something with static 
electricity no electrons 
are made or destroyed. 
2    14    16 
Warrant Forces are caused by 
charges. 
4  4  3 1 3 2 17 
 No electrons are being 
transferred or made. 
1      2  3 
 Force of attraction and 
repulsion. 
       2 2 
 Charged objects create an 
invisible electric field 
 2 14   2   18 
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around them. 
 It means that charge is 
quantised and its always 
in a fixed or multiple 
value, therefore it can’t 
be produced nor 
destroyed. 
       2 2 
Rebuttal The gods are pushing 
them apart. 
 1 1 2     4 
 
Points given scientifically 
is the field strength that 
attracts the electric 
energy. 
  3      3 
 Charged objects create an 
invisible electric field 
around them. 
       1 1 
 Magic (A witch) is 
keeping them apart. 
  6 3     9 
 The charged object could 
share electrons. 
    1    1 
 They won’t repel each 
other if the charges are 
too small or if they are 
not close enough. 
    3 1   4 
 Like charges repel, 
unlike charges attract. 
    8 2 2 1 13 
 
8. TEACHER JOURNAL SUMMARIES 
Teachers were requested to keep a journal to track the impact of the intervention 
strategy as the process unfolded in the classroom. This allowed teachers to record their 
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interpretation of how they viewed the process. At the end of the process, teachers were asked 
to make a summary of their journals focusing on predetermined aspects.  
E2, who serves a dual medium rural community stated: “The workshop helped me a 
lot and gave me the skills to use the method of dialogical argumentation”, while E3, who was 
employed in a multiracial, former model C (previously serving the White community) school, 
mentioned: “It was customary for me to lead learners into thinking the way I wanted them to 
think. Having them use their own knowledge, sharing with one another and arguing made my 
role so much easier”.  
The fact that the intervention strategy allowed for the inclusion of the learners’ 
everyday and indigenous knowledge into the teaching of electrostatics appeared to enhanced 
the learners’ participation and enthusiasm. The following statements were given by the 
teacher participants: 
E1:  “Some of the shy learners were initially apprehensive to voice their opinions, but as 
the discussions progressed, they became more involved and started to participate 
fully”.  
E2:  “They participated and were eager, because they needed to explain and give reasons 
for their beliefs systems. Give evidence and collect data”. 
E4:  “Their participation and enthusiasm improved as the process helps learners to see 
that the knowledge that they already have contributes to the creation of new 
knowledge. It helps them to see what the teacher teaches them is not the only source 
of new knowledge. It also improves their confidence.” 
The teacher participants felt that the intervention strategy improved the motivation and 
argumentation ability of the learners. The findings below are in line with the views of 
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Clarke (2007), who contends that people are more motivated when they are given the 
freedom to develop their own ideas and when their views are valued. 
E4: “I think the fact that the learner is taught a structure for argumentation, can only improve 
their argumentation ability, because it means that their arguments will be given in a 
more logical way”.  
E7: “Learners have the ability to use their existing knowledge to present a scientific 
argument. Interaction amongst learners further boosts their confidence in presenting 
their stance ... improvement in their ability to critically analysing any written 
document”. 
E8: “Their active participation, led to greater confidence and higher levels of motivation”.  
When assessing what impact the intervention strategy had on the levels of 
achievement by learners, the responses were mixed. While some felt that the learners showed 
an improvement in their achievement, it was also mentioned that underperforming learners in 
school A showed no improvement. Here is some of the feedback received: 
E1: “Unfortunately, those learners ... showed no growth in understanding. It must be 
mentioned that these learners are under-achievers in most of their subjects”. 
E4: “I cannot say that the intervention has had an immediate effect on the learners’ 
achievement, but I think it can improve the learners’ overall attitude and approach 
towards the subject of physical science. It could have good long-term effects on the 
learners’ achievement”. 
E7: “Learners are able to use the intervention strategy in other subjects e.g. Life Science, 
languages, etc”. 
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The findings regarding the teacher journals support the viewpoint of E1, who noted 
that “argumentation is a useful tool”. In classrooms where teachers applied argumentation as 
a teaching strategy, they found it to be both “motivating and satisfying to the teachers as well 
as the pupils” (Shakespeare, 2003, p. 107). 
9. TEACHER INDIVIDUAL INTERVIEWS 
Seven of the eight teachers availed themselves to be interviewed. The interviews were 
conducted after school hours at a time convenient for the teachers and were conducted in the 
privacy of my office. Each interview lasted about five minutes, and an audio recording was 
made of each interview. The teacher interviews were done individually, in order to afford the 
teacher participants the opportunity and freedom to generate their own responses without 
being influenced by the other participants. In addition, the interview allowed teacher 
participants the prospect of reinforcing or amending the data supplied in the journal 
summaries. The general categories that emerged from the interviews are reported below. 
9.1. Confidence to integrate IKS prior to the workshop 
Data from the teacher participant interviews disclosed that they were either not 
familiar with IKS or were afraid that it might cause confrontation among the different cultural 
groups. E3 remarked “Very uncomfortable. My prior knowledge and exposure to indigenous 
explanations of electrostatics was very bad. I considered it too sensitive to get involved 
without embarrassing them”. This lack of knowledge about the cultural beliefs of the learners 
caused some teachers to steer away from it. E4 said, “Honestly speaking, IKS was not 
something I really even considered during my teaching. I think the reason for this may be that 
I’m not 100% comfortable with this kind of knowledge due to the fact that it’s less reliable”. 
These findings indicate that the teachers were not confident enough to integrate IKS, because 
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they lacked two aspects that Kocabas (2010) deem to be sources that motivate teachers, 
namely: 
• The perception of themselves as confident and competent; 
• Changes and innovation.   (Kocabas, 2010, p. 732) 
9.2. Impact the workshop on scientific argumentation had on the teachers 
The impact of the intervention strategy was focused around: (1) the ability of the 
teachers to implement the strategy; (2) the teachers’ motivation, and (3) the teachers’ 
confidence.  To all three of the aspects the teachers had an overwhelmingly positive response. 
E1 shared that she had become more motivated to integrate IKS, because she was made 
aware of it and she realised the positive impact it had on the learning process. E5 noted that 
“Without IKS it was difficult to teach electrostatics, but after attending the workshop, I was 
better equipped to present the lessons”. The participant further added that the skills learnt 
during the intervention strategy and the increase knowledge with regard to IKS had raised the 
participants’ confidence and motivation levels. E8 added that, “using argumentation to 
present electrostatics worked well”. All teacher participants felt that the intervention strategy 
had had a positive effect on their motivation and confidence, because it equipped them to 
successfully integrate the learners’ everyday knowledge and IKS into the teaching of 
electrostatics. Schulze and Steyn (2003) emphasise that the motivation of teachers impact 
positively on learning as teachers guide the learning process. 
9.3. Impact the workshop on scientific argumentation had on the learners 
The teacher participants agreed that by integrating everyday knowledge and IKS with 
the aid of scientific argumentation, had greatly increased learner participation in the 
classroom. E4 mentioned that “the learners are more willing to participate, because 
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argumentation creates a setting in which the learners feel that they have something to 
contribute”, while E3 said that “learners stood up boldly for what they believed”. Research 
reveals that learners become more competent and display greater self-determination when 
they were more aware of their social environment (Fortier et al., 1995; Standage et al., 2005; 
Vallerand, 2012). While most of the teachers agreed that an improvement was evident in the 
learners’ achievement, E5 shared that some learners “enjoyed the process, but they have not 
been able to translate it into greater achievement”.  
When responding to how the intervention programme had impacted on the learners’ 
motivation and confidence, all but one teacher participant concluded that the learners had 
become more motivated; and all agreed that the learners had a higher level of confidence. E1 
had a somewhat contradictory response. She mentioned “my learners only do the minimum of 
what is required of them. There was no significant impact on the learners’ motivation” and 
then she added “learners became more confident ... confidence seem to spill over to other 
subjects”.  
9.4. Can IKS integration become common practice in science classrooms? 
The main thought that emerged from this question was the diverse nature of the 
cultures and beliefs of the learners. The respondents felt that it was therefore imperative that 
all teachers attend a workshop on the cultures and beliefs of others and that teachers be given 
a structure (e.g. scientific argumentation) to assist with the integration of IKS. E4 said “I 
think that I will feel more comfortable using this kind of knowledge as a common practice in 
my classroom, only if a more concrete compilation of this kind of knowledge can be made 
available for my use”. Two other ideas were mentioned by E1 and E3. E1 noted “reduce the 
workload or content of the work schedule”, while E3 mentioned “Tests should be set so that 
learners could answer questions based on indigenous knowledge of different cultural groups”. 
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10. CHAPTER SUMMARY 
In this chapter, the presentation of the findings started with the analysis of pre-test 
questionnaires that were collected from the eight teacher participants. The analysis 
highlighted the variety of answers given; and how the teachers interpreted the differences in 
the everyday knowledge, their IKS and their scientific understanding of the phenomenon of 
lightning. These findings of the pre-tests of the teachers and the learners were tabulated 
separately and later compared to the answers supplied in the post-test questionnaire to 
highlight the increase in the participants’ understanding of lightning after they had been 
exposed to the intervention programme. 
The impact of the intervention programme was highlighted by the findings of the 
teacher and learner argumentation frames and the teacher checklists, which revealed that the 
intervention has impacted positively on the teachers’ ability to integrate the IKS into their 
teaching practice. The findings also indicate that the intervention had improved the 
motivational and confidence levels of both teachers and learners. The analysis of the 
individual interviews showed general consistency with the data on the teacher checklists and 
the teacher journal summaries. The consistencies related to aspects of the teachers’ improved 
ability to integrate IKS using the argumentation strategy, because the teachers felt better 
equipped, more motivated and more confident.  
The following chapter, Chapter Five, will discuss the findings from this study and 
draw conclusions about the use of scientific argumentation and the integration of the learners’ 
everyday knowledge and their IKS into the teaching of electrostatics. Furthermore, it will 
attempt to explain how this strategy contributed towards the motivation and confidence of the 
teachers; and the motivation, confidence and achievement of the learners. 
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CHAPTER FIVE 
DISCUSSION AND CONCLUSIONS 
 
1. INTRODUCTION 
This chapter will examine the data presented in Chapter Four. The data will be 
interrogated to discern whether (i) teachers can successfully implement a strategy for 
teaching electrostatics based on indigenous knowledge, everyday knowledge and scientific 
argumentation; (ii) the effect of applying argumentation frames; and whether (iii) the 
integration of the indigenous knowledge systems (IKS) of the learners impacted on teacher 
and learner confidence and motivation. The findings will be discussed under the following 
headings: strategy implementation, argumentation frames; motivation and confidence. The 
limitations of the study will be presented and recommendations for further research will be 
offered. Finally, conclusions in terms of the research questions will be drawn from the 
findings. 
2. STRATEGY IMPLEMENTATION 
The intervention strategy was planned for and executed in early May as the teachers’ 
work schedule stipulates that electrostatics should be taught around middle May. This was 
done so that the skills learnt during the intervention strategy would still be fresh in the minds 
of the teacher participants when they had to implement the strategy. The answers that 
teachers supplied in the pre-test as regarding everyday knowledge, indigenous knowledge and 
science supported the notion that there was a need for an intervention strategy, such as 
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scientific argumentation, to assist with the integration of the knowledge areas in a planned 
and structured way.  
Statements by teachers, such as “integrating argumentation provide a better 
understanding of the concepts and the processes of science. Where, in the past, I relied 
primarily on my previous content knowledge, now I use argumentation to evaluate the 
validity of an explanation” reveals support for the efficacy of the process, as do other 
responses that indicate that they found the argumentation strategy to be “valuable”, because it 
allowed them to “reflect on their attitude towards the integration of IKS” and empowered 
them to implement the new skill of scientific argumentation.  
One teacher, who had a teaching history of more than 30 years in so-called 
“Coloured” schools and racial grouping suggesting a western worldview and who served in a 
(now) multiracial, former Model C School, mentioned: “It was customary for me to lead 
learners into thinking the way I wanted them to think. Having them use their own knowledge, 
sharing with one another and arguing made my role so much easier”. Similarly, a teacher who 
worked in a dual medium rural community, where one would expect a clash of worldviews 
when opening up opportunities for his learners to discuss indigenous knowledge, stated: “The 
workshop helped me a lot and gave me the skills to use the method of dialogical 
argumentation”. Judging from the aforementioned responses, the intervention strategy 
appeared to have at least formed the perception that the teachers believed they could 
successfully integrate IKS by applying the Toulmin’s Argumentation Pattern and the 
Dialogical Model for Evolving Cognitive Understanding. Similar positive responses recorded 
in Chapter Four in terms of the material provide new awareness of how IK can be used in 
science; better understandings of how to respond to syllabus imperatives, as well as 
motivational and attitudinal issues (see Section 5 below). Instances provided by the various 
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data collection instruments also confirmed consensus amongst the teachers that they believed 
that the strategy was effective. These issues can be mapped on Harland and Kinder’s (1997) 
hierarchy of INSET outcomes for professional development programmes. Table 5.1 tabulates 
the nine outcomes against indicators from data, which suggest that the intervention 
programme supplied teachers with all the requirements to successfully implement the 
strategy.  
Table 5.1 
Mapping the findings with Harland and Kinder’s (1997) INSET hierarchy of outcomes for 
professional development programme 
INSET OUTCOME DATA INDICATORS 
Material and provisionary outcomes  Positive responses in terms of the materials provided 
for the teachers to use when implementing the 
strategy, both during the training workshop and their 
classes.  
Informational outcomes Teachers stated that they felt better informed about 
issues within the curriculum, including their 
implications for practice. 
New awareness The data suggests that the intervention programme 
facilitated a perceptual shift from the teachers’ 
previous assumptions about the integration of IKS.  
Value congruence outcomes Consensus amongst the teachers that the strategy 
constitutes ‘good practice’. 
Affective outcomes Increased the teachers’ confidence and attitude 
towards the integration of IKS was inherent in the 
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teachers’ responses during interviews. 
Motivational and attitudinal outcomes The teachers noted greater enthusiasm and 
motivation to implement the ideas conveyed during 
the intervention programme. 
Knowledge and skills The data generated revealed the ability to use the 
argumentation framework and employ it with their 
learners. 
Institutional outcomes Little can be said at this stage as to whether the 
things that the teachers learnt will have an effect at 
institutional level.  
Impact on practice The programme appears to have brought about 
changes in practice by the adoption of new skills and 
processes. 
 
While most of Harland and Kinder’s (1997) INSET outcomes appear to have been 
met to some degree, what is most gratifying is that their first order outcomes, viz. value 
congruence and new knowledge, were clearly articulated by the teachers. These two 
outcomes are at the highest level (1st order) of outcomes and are believed to be essential for 
effective CPD to take place. Similarly, the 2nd order outcomes (motivational and affective) 
were also met. Harland and Kinder (1997) believe that when both these levels are met, there 
is the likelihood of substantial impact on the practices of teachers. 
The post-test results show that both the teachers and the learners aligned their 
everyday knowledge with their scientific understanding of the phenomenon of lightning, but 
that most participants maintained their previously held cultural beliefs regarding lightning. 
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The maintenance of their IKS was a positive outcome, as this study did not intend for learners 
to relinquish their cultural beliefs, but the researcher accepted that the participants may be 
unwilling to change or reject their cultural beliefs, because these cultural practices and 
philosophical thinking were developed over many generations in African as well as other 
long-established cultures (Aikenhead, 2001; Keane, 2008; Thompson, 2003). In addition, 
indigenous knowledge systems provide a valuable legacy of understanding how people 
interact with nature (Glasson et al., 2010). 
Previous studies highlight the fact that learners, who feel more competent, display 
greater self determination, because they are more connected to their social environment and 
more autonomous (Fortier et al., 1995; Standage et al., 2005; Vallerand, 1997, 2012). The 
teachers’ interview responses reiterated the findings of the journal summaries that most of the 
learners enjoyed the integration of their personal and cultural views on lightning, and that this 
enjoyment lead to improved participation, increased confidence and a higher level of 
motivation among the learners.   
However, although the teachers believed they saw an improvement in the majority of 
learners’ in terms of engagement, concerns were raised by teacher E1 of School A that some 
learners showed little to no improvement in their ability to achieve.  E1’s opinion was based 
on the achievement level and lack of willingness by these (isiXhosa) learners to part with 
their cultural beliefs. However, this view focused as it was on academic achievement only, 
did not recognise the fact that the learners freely participated in the activities by sharing their 
beliefs and being exposed to the beliefs and views of learners from a ‘Coloured’ heritage. 
This sharing environment is supported by the South African Physical Science Curriculum 
(Department of Education, 2006; Department of Basic Education, 2011), which requires the 
“reformulation of science teaching and learning” in order to create opportunities for more 
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individuals to experience the “joys and delights” of what Aikenhead (2006, p. 20) calls 
“humanistic school science”.  
The data from this limited study give an indication that this situation of joy and 
participation may be possible to attain using the integration of personal and cultural views in 
certain instances in science education. Furthermore, when the classroom experience is 
enjoyable and promotes the sharing of knowledge, creative thinking and ultimately improved 
academic achievement would be promoted.  
3. ARGUMENTATION FRAMES 
When asked about the impact the intervention programme had on the argumentation 
ability of the learners, the teachers had the following to say, “IKS is a type of knowledge that 
the learners will probably feel more comfortable with. The learners will therefore feel more 
confident to use the knowledge they already have as a basis for argumentation. The learners 
will have more conviction when arguing”. In addition, E7 was of the view that the application 
of argumentation and the integration of IKS resulted in “equipping learners with capacities 
for reasoning about problems and issues” and provided learners with an opportunity to 
“assess alternatives, consider evidence, interpret text, and evaluate knowledge”.   
Some researchers might argue that the improved participation and achievement of 
learners could be attributed to the Hawthorne effect; which Rouse (2008) defines as a 
phenomenon that generates enhanced behaviour or achievement by participants because of 
the influence and enthusiasm of the teacher. However, this arguement is not valid in this 
research, as the aforementioned interview responses support the findings of the 
argumentation frames, which showed that the learners found it much easier to apply the 
argumentation strategy when it was related to the integration of IKS. All participating 
learners could supply warrants and counter-arguments in the activity that integrated IKS. On 
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the other hand, when the activity was based on a scientific context, only 42% of the learners 
could muster a warrant, while a mere 19% had the ability to generate a counter-argument. 
These findings show that integrating IKS into science teaching has the potential to become a 
common practice in South African science classrooms, as it facilitates the learning process. 
Furthermore, the use of argumentation and the integration of IKS into classroom practices 
may assist in personalising the learning process and facilitating border crossing, which could 
be a vital facet in cultural stabilisation and regeneration (Hodson, 2009; Webb, 2011).  
Third space 
The post-test revealed an increase in the percentage of learners, from 28% to 48%, 
who believed that differing IKS and scientific views on lightning did not necessarily mean 
that they were mutually exclusive.  This result suggests that the intervention programme 
might have facilitated the creation of a “third space” between the IKS and Western science 
(Bhabha, 1994) for these 48% of learner participants. The argumentation process presented a 
prospect for collaboration between learners, which lead to the co-construction of a new 
combination of meanings and interpretations of science.  
One teacher stated that “the integration of the learners’ beliefs helped to improve the 
learners understanding and application of argumentation”. This finding is in line with the 
view of Driver et al. (2000), who suggest that argumentation instruction leads to the 
development of conceptual understanding, the development of research skills and the 
understanding of scientific epistemology. Kuhn (1991) lists five critical skills of 
argumentation, namely the skill to (i) generate causal theories to support claims (supportive 
theory); (ii) offer evidence to support theories (evidence); (iii) generate alternative theories 
(alternative theory); (iv) envision conditions that would undermine the theories they hold 
(counterarguments); and (v) rebut alternative theories (rebuttal) (Kuhn, 1991, p. 2). Data from 
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the argumentation frames revealed that the learners were able to complete the activity which 
focused on the use of IKS, which suggests a movement towards the acquisition of the skills 
listed by Kuhn (1991). The triangulation of the different sources of data also suggests that the 
learners actively participated and were involved in developing a deeper understanding of the 
phenomenon of lightning when using scientific argumentation to integrate their IKS.  
Supovitz et al. (2000) note that, in order to guarantee high-quality professional 
development, it is important that teacher professional development immerses participants in 
inquiry, questioning and experimentation; is intensive and sustained; engages teachers in 
concrete teaching tasks; is based on teachers’ experiences with learners; focuses on subject-
matter knowledge and deepens teachers’ content skills; is grounded in a common set of 
professional development standards; and shows teachers how to connect their work to 
specific standards. This intervention was designed to include most of the above and the 
responses by the teachers and the way in which they used the skill of argumentation in their 
classrooms suggests that it achieved what it initially set out to do. 
Electrostatics knowledge 
Teacher E1 saw no value in the integration of everyday knowledge and IKS in the 
teaching of scientific concepts. This educator stated that “there is no link between indigenous 
knowledge and science”. The view expressed by E1 is shared by logical empiricists who 
regard scientific knowledge to be existing facts that can be acquired only through scientific 
method (Erikson, 2005; Walliman, 2005). On the other hand, Onwu and Mosimege (2004, p. 
2) call for the inclusion of IKS in a “mutually supportive and inclusive way” to serve as a 
means to address the “tension among our learners”. The findings in this study support the 
view of Onwu and Mosimefe in that the teachers felt that (i) the integration of IKS would 
foster an understanding of the cultures of classmates, which could assist in a generating more 
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respect for people from other cultures; (ii) Western science and IKS are complementary; and 
(iii) the integration of IKS could help to dispel myths. The integration of the learners’ 
everyday knowledge and their IKS raised their enthusiasm and their level of participation in 
the learning process. These findings support Aikenhead’s (2006) notion that the learning and 
teaching of science should be restructured in such a way that it takes cognisance of the human 
element and provide an environment that is enjoyable for learners. 
Border crossing 
The use of argumentation and the integration of the learners’ IKS to explain the 
phenomenon of lightning created the opportunity for learners to be exposed to the cultural 
views of classmates who come from racially backgrounds different to their own. The open 
exchange of personal and cultural views appeared to sensitise learners to the views and 
beliefs of their classmates. The inclusion of IKS has the potential to promote the principles of 
equality, respect and worth, which underpin multicultural and anti-racist education (Taylor, 
1994); support the preservation of cultural identity (Ogawa, 1998); and illustrate that 
scientific processes and indigenous knowledge are not unrelated (Stanley et al., 2001). In 
addition, having an integrated view of electrostatics may assist teachers in developing the 
“third space” (Bhabha, 1994) and to facilitate border crossing (Hodson 2009; Webb, 2011), in 
which their IKS and scientific views can brought together to create a more holistic 
understanding (Barnhardt, & Kawagley, 2005).  
It appears that the dialogical argumentation strategy used in this study helped allay the 
fears that teachers noted about a lack of IKS knowledge, as they learnt about the IKS of 
people from other cultures during the intervention programme. It also appears to have 
assisted in refining the learners’ understanding of the electrostatics using IKS integration and 
the process of intra-dialogical and inter-dialogical argumentation with group and whole class 
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discussion, followed by focus group evaluation. In turn, this holistic and refined view of 
electrostatics may result in the realisation that scientific worldviews do not necessarily have 
to oppose traditional views, paving the way for the integration of IKS to dispel the distress 
and estrangement that turn African learners away from science (Malcolm, 2007; Webb, 
2011). 
4. MOTIVATION  
Teacher E2 mentioned “myself and the learners were very much motivated, because 
teaching and learning became enjoyable”, while Teacher E7 noted: “Learners are motivated 
due to their ability to critically examine information they are confronted with in their 
everyday lives”, and Teacher E8 stated: “The learners were very excited and they participated 
well”. 
The interviews revealed that all teacher participants felt more motivated and more 
confident after attending the intervention programme. The teacher checklist was administered 
after the workshop and revealed that one of the teacher participants had no opinion on 
whether the intervention strategy improved their level of confidence and motivation, while 
the rest all felt more confident and experienced higher levels of motivation. At the time of the 
interviews, which were held after the teachers presented the work to the learners, all the 
teachers acknowledged that the intervention strategy raised their motivation and gave them 
greater confidence. In addition, the professional development workshops were reported as 
being the vehicle that assisted teachers in planning and applying what they had learnt when 
they returned to their classroom (Steyn, 2010). This view is supported by Fisherman, Best 
and Marx (2001), who claim that workshops or intervention programmes have a positive 
influence on teachers’ knowledge and confidence about their teaching approach, and their 
classroom practice.   
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The teacher journal summaries and the interviews data indicate that both the teachers 
and the learners had experienced an increase in their level of motivation. The data generated 
by the post-test and the argumentation frames suggest that as the learners became more 
competent, they also became more motivated (as expressed in effort) (Fortier et al., 1995; 
Standage et al., 2005; Vallerand, 1997, 2012). Researchers believe that enhanced motivation 
is a result of people operating in social contexts that (most likely) satisfy their needs (Soenens 
et al., 2005; Vallerand et al., 1997).  
5. CONFIDENCE 
The teachers declared that before they participated in the intervention programme, 
they were aware of the curriculum requirement to include the IKS of the learners, but they 
were hesitant to implement it because of their lack of knowledge about IKS, the fear of 
confrontation between the different cultural groups, and their inability to integrate IKS 
meaningfully. During an interview, Teacher E4 stated that, “the structure of the 
argumentation strategy automatically makes me more confident”, while Teacher E7 noted 
“the learners’ ability to understand how they have come to know and why we believe what 
they know boost their confidence”. Teacher E4 added: “It improves the learners’ confidence 
in the subject, because the subject of Physical Science is not a subject that always agrees with 
what the learners are naturally inclined to believe or always understand”.  
That their confidence had increased came out strongly in the teacher checklists, the 
journal summaries and the interviews. This increase may be attributed to the fact that ‘value 
congruence’ (Harland, & Kinder, 1997) was achieved with the attainment of the other first 
order INSET outcome of new knowledge, as well as the second and third order outcomes, 
including motivation. This outcome may also be possibly attributed to the fact that the 
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intervention strategy attempted to include the following basic steps of effective professional 
development, i.e. that: 
• teacher participate in professional development;  
• their knowledge and skill are improved;  
• that new and improved knowledge and skills improve the way they teach; and  
• finally, increase student learning is the result. 
(Desimone, 2011) 
In addition, the teachers’ confidence in their ability to successfully implement the 
argumentation strategy could stem from the fact that the intervention programme addressed 
the needs of the teachers by empowering them with a new skill (scientific argumentation); 
which points to the change and innovation supported by Kocabas (2010) in order to raise the 
level of teacher motivation (and which is also a first order outcome of Harland and Kinder’s 
hierarchy of outcomes framed as new knowledge).  
The argumentation frames, the teacher journal summaries and the individual teacher 
interviews revealed that the increased levels of teacher confidence in integrating the learners’ 
IKS in the lessons promoted learner participation and expressed confidence. Teacher E3 
noted: “They responded with great eagerness and enthusiasm. The quiet, unresponsive ones 
in class are also eagerly participating and gaining a lot more knowledge and understanding”, 
which suggests that the integration of IKS and the process of argumentation in the teaching of 
electrostatics had a positive effect in terms of participation and learning in this topic. 
6. LIMITATIONS OF THE STUDY 
The findings and conclusions drawn in this study should be considered against the 
limitations of this study, which was conducted in one district in the Eastern Cape Province of 
125 
South Africa. Firstly, the Eastern Cape has 23 districts, and is only one of nine provinces in 
South Africa. Secondly, although the sample was selected to include schools from different 
contexts, it was limited to eight schools only, based on convenience sampling. As such, the 
findings cannot be generalised to schooling in South Africa or further afield, but could make 
a contribution to the current debate on the integration of indigenous knowledge in science 
teaching at school level. 
Another limitation of the study was the fact that there were no classroom visits and 
the researcher had no contact with the learners. This meant that the perceptions and views of 
the learners were limited to their responses to the pre- and post–test questionnaires as well as 
the learner checklists. Other aspects of their participation and motivation were generated 
‘second hand’ via teacher journals and interviews. Furthermore, only seven of the eight 
teacher participants were available for the individual interviews, thereby limiting the data 
collected by means of interviews even further. The teachers’ experiences, beliefs and biases, 
which probably influenced both the observations and their interpretations, may also be 
viewed as limitations, as they had to implement the argumentation strategy within their 
frameworks and worldviews. 
As such, and as noted above, the findings of this study cannot be generalised and 
applied to all schools in South Africa, the Eastern Cape or even the Uitenhage District of the 
Department of Education in the Eastern Cape. However, the study could serve as a point of 
reference for further studies on the topic of IKS integration and scientific argumentation. 
7. RECOMMENDATIONS FOR FURTHER RESEARCH 
The following are suggestions for further study: 
• A similar study could be done to cover more schools from different districts in 
the Eastern Cape, as well as across provincial borders.  
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• The reasons why teachers are not integrating IKS into their classroom practice.  
• How often do teachers apply the skill of argumentation as a strategy to 
facilitate learning in the classroom?  
• How would the integration of IKS and argumentation in subjects like Life 
Sciences impact on the achievement of learners. 
• How border crossing or the facilitation of the Third Space impacts on the 
learning environment in science classrooms. 
8. SUGGESTIONS FOR TEACHERS AND SUBJECT ADVISORS 
The findings imply that suggestions can be made to both teachers and subject advisors 
(the researcher and implementer of the strategy used in this study is a subject advisor) who 
work in similar contexts and schools. 
8.1 Suggestions for Teachers 
The integration of the learners’ IKS into the teaching of science is a curriculum 
requirement that must be fulfilled, but many teachers do not know how to implement this 
directive practically. As such, the use of scientific argumentation to facilitate the integration 
of IKS is suggested, as was done in this study. However, teachers should note that the most 
effective and critical factors for strengthening students' abilities to develop argumentation 
are: 
• Allowing students sufficient time to gather and study the content on which the 
argument would be based. 
• Creating an environment in which the learners are exposed to two or more conflicting 
theories. 
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• Encouraging learners to give voice to their thoughts to improve their argumentation 
ability, as voicing thoughts contributes to critical thinking and reasoning. 
8.2 Suggestions for Subject Advisors 
Experience gained on this project suggests that subject advisors could advise teachers 
on the value of IKS integration by facilitating workshops that (a) equip teachers with the 
necessary information about the IKS of the people in that region of the country; and (b) 
empower teachers with the required tools and skills, such as scientific argumentation, to 
integrate IKS successfully. The data generated in this study suggest that workshops on 
applying argumentation in the classroom situation using IKS as a context could be a viable 
strategy to promote interaction among teachers and influence their confidence and motivation 
to integrate IK in science education. 
9. OVERALL CONCLUSION 
Findings from this study show that, in addition to acquiring the skill of argumentation, 
the participating teachers learned a great deal about the indigenous knowledge systems (IKS) 
of the other participants. This knowledge made them feel more motivated and gave them 
greater confidence to integrate IKS into the teaching of electrostatics. The teachers felt better 
equipped to integrate IKS, as they felt they had achieved a level of both the skill of 
argumentation and an understanding of the IKS of the community they served. As such, it can 
reasonably be said that this study had contributed to a better understanding of how teachers 
could use scientific argumentation to integrate indigenous knowledge (IKS) systems into 
teaching on the phenomenon of lightning.  
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Particular findings that the effect that an intervention strategy framed around learners’ 
indigenous knowledge, everyday knowledge and scientific argumentation had on the teaching 
and learning of electrostatics at Grade Ten level are that: 
• Teachers could successfully implement the strategy in teaching electrostatics. 
• The successful implementation of the strategy had a largely positive impact on 
learners’ argumentation/achievement in electrostatics. 
• The successful implementation of the strategy improved the learners’ 
confidence and motivation. 
•  The successful implementation of the strategy resulted in greater teacher 
confidence and motivation. 
While all the teacher participants confirmed Mahapa’s (2002) assertion that 
integration enhances learners’ understanding and performance in electrostatics, other studies 
have revealed the complications and obstacles encountered by learners of non-Western 
backgrounds when learning science (Aikenhead, 2000, 2006; Borba, 1990; Cobern & 
Aikenhead, 1998; Jegede, 1995). This point is highlighted by two isiXhosa-speaking learners, 
who’s refusal to accept the scientific explanation for the phenomenon of lightning after 
argumentation and discussion.  
However, overall, the strategy framed around learners’ indigenous knowledge, 
everyday knowledge and scientific argumentation as used in this study did appear to improve 
the teaching and learning of electrostatics at Grade Ten level. Although the study’s aim was 
not to generalise the results, these findings suggest that the use of scientific argumentation as 
a teaching strategy, as well as the integration of IKS into science classrooms in South African 
schools, could be beneficial to both teachers and learners in terms of facilitating better and 
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more meaningful teaching and learning of science across grades and topics. This would 
particularly be the case in topics of high interest, such as lightning, which is well entrenched 
in terms of indigenous knowledge amongst many South African learners (Meels, 2007; 
Ogunniyi, Jegede, Ogawa, Yandila, & Oladele, 1995) and where a scientific worldview 
sometimes collides with aspects of traditional cultural worldviews, causing discomfort to, and 
alienating indigenous students (Malcolm, 2007). 
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Pre-Test Questionnaire  
Research Project: Teaching and learning electrostatics using indigenous knowledge,  
                                  everyday knowledge and scientific argumentation 
Respondent Number  
Instructions 
• Read the questions carefully 
• Where the space provided are not sufficient, attach a page(s) with your complete 
answer(s). 
1. Using your everyday knowledge, explain what lightning is. 
 
 
 
 
2. Explain the phenomenon of lightning using your cultural (indigenous) knowledge. 
 
 
 
 
3. Define lightning to the best of your scientific ability. 
 
 
 
• PO Box 77000 •  Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 •  South Africa •  www.nmmu.ac.za 
161 
4.  Does any of the answers supplied above conflict with the other(s)?  
 
If Yes. How:  
 
 
 
5. When someone asks you to give your understanding of lightning, does the setting (or 
circumstances) determine which of the above answers you would give?  
 
If Yes. Why:  
 
 
 
6. Who create(s) lighting? 
Use everyday knowledge: 
 
Use Indigenous knowledge systems: 
 
Scientifically: 
 
 
7. Why are people struck by lightning? 
Use everyday knowledge: 
 
 
Use Indigenous knowledge systems: 
 
 
Scientifically: 
YES NO 
YES NO 
162 
 
 
  
8. What is thunder? 
 
 
 
 
9. Who creates thunder? 
 
 
 
 
10. What can be done to protect yourself (including your home) from lightning 
Use everyday knowledge: 
 
 
Use Indigenous knowledge systems: 
 
 
Scientifically: 
 
 
 
 
  
11. Do you think that sharing and testing everyday knowledge and indigenous knowledge 
about lightning add value to your (or your learners’) understanding of the 
phenomenon of lightning? Explain your answer. 
163 
 
 
 
 
 
  
12. Which of the following statements are true and which is false? 
 
Thank you for taking your participation and for completing this questionnaire.  
Ernest Loggenberg     041 995 4152   or   084 580 4395 
a Lightning never strikes the same place twice True False 
b If it’s not raining or there aren’t clouds overhead, you’re safe 
from lightning. 
True False 
c Rubber tires on a car protect you from lightning by insulating 
you from the ground 
True False 
d The human body does not store electricity. It is perfectly safe to 
touch a lightning victim to give them first aid. 
True False 
e If outside in a thunderstorm, you should seek shelter under a 
tree to stay dry 
True False 
f A house is a safe place to be during a thunderstorm as long as 
you avoid anything that conducts electricity 
True False 
g Structures with metal, or metal on the body (jewelry, cell 
phones,Mp3 players, watches, etc), attract lightning. 
True False 
h If trapped outside and lightning is about to strike, I should lie 
flat on the ground. 
True False 
i The colour red doesn't attract lightning. True False 
j Covering the mirrors in a house won't make a difference. True False 
k Syringa trees aren't more strike-prone than other tree species of 
similar height 
True False 
l A tyre on the roof won't drive lightning away True False 
m Some people can control lightning True False 
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APPENDIX E-1 
ANALYSIS OF PRE-TEST QUESTIONNAIRES FOR TEACHERS 
      Respondent Number   
  Question Answer Supplied 1 2 3 4 5 6 7 8 Total 
1 
Using your everyday 
knowledge, explain what 
lightning is. 
Bolt of light from the 
sky 
1     1   1 1 1 
5 
  Kind of electricity   1   1         2 
  
Movement of electrical 
charges 
    1           
1 
  Clash  of clouds         1       1 
  Light caused by weather               1 1 
2 
Explain the phenomenon of 
lightning using your cultural 
(indigenous) knowledge 
Punishment for bad 
people 
1               
1 
  
Dangerous light that can 
harm or kill you 
  1 1       1   
3 
  
Fire caused by the prince 
of rain 
          1     
1 
  Storm warning         1       1 
  God displays anger       1       1 2 
3 
Define lightning to the best of 
your scientific ability 
Flow of charged 
particles (discharges of 
electrical particles) 
1 1 1 1   1 1 1 
7 
  
Caused by pressure in 
the clouds 
        1       
1 
4 Does any of the answers 
supplied above conflict with the 
other(s)? 
Yes 1 1   1       1 4 
  
Yes, Not all bad people 
are struck by lightning 
1               
1 
  
Yes, indigenous 
knowledge clash with 
scientific 
      1         
1 
  Yes, Our parents lied to               1 1 
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us 
    No     1   1 1 1   4 
5 When someone asks you to give 
your understanding of lightning, 
does the setting (or 
circumstances) determine which 
of the above answers you would 
give?  
No 1 1   1     1   4 
  Yes     1   1 1   1 4 
  
Yes. A person with no 
scientific knowledge 
cannot grasp the idea 
charges. 
    1           
1 
  
Yes. The knowledge of 
the person influences it 
          1     
1 
  
Yes, Lightning precedes 
a powerful storm 
        1       
1 
  
Yes, The scientific one is 
true 
              1 
1 
6 Who create(s) lighting? Use 
everyday knowledge: 
God 1 1   1       1 4 
  Rainy weather     1   1 1 1   4 
  Use Indigenous knowledge 
systems 
Ancestors 1 1     1   1   4 
  The gods     1 1   1     3 
  Black magic                1 1 
  
Scientifically: Friction (charges) within 
the clouds 
1   1 1 1   1 1 
6 
  Scientific observation   1             1 
  Clouds and the rain           1     1 
7 Why are people struck by 
lightning? Use everyday 
knowledge:  
No precaution is taken     1   1   1 1 4 
  They are unlucky 1               1 
  
The body conducts 
electricity 
  1             
1 
  
They are the tallest 
object            1     1 
  Bad people       1         1 
  
Use Indigenous knowledge 
systems: 
They are hiding under 
trees 
              1 
1 
  As punishment 1     1   1     3 
166 
  
They are in the path of 
the lightning 
  1     1   1   
3 
  
The wear red clothing 
and/or jewellery     1           1 
  
Scientifically: They use electrical 
appliances 
              1 
1 
  
They are the tallest 
object in the area 1               1 
  
they are in the path of 
the lightning 
  1 1 1 1 1 1   
6 
8 What is thunder? sound of lightning 1 1 1 1   1 1 1 7 
  
The force of attraction in 
the clouds 
        1       
1 
9 
Who creates thunder? the release of particles 
where friction occurs 
1         1     
2 
  God   1             1 
  God of thunder     1           1 
  A natural phenomenon       1 1   1 1 4 
 
 
  
  
                
0 
10 What can be done to protect yourself (including your home) from lightning? 
  
  Use everyday knowledge: Stay indoors 1 1 1         1 4 
  Do not wear red clothing           1     1 
  Avoid open spaces         1   1   2 
  Avoid trees         1   1   2 
  Switch of the television       1         1 
  Use Indigenous knowledge 
systems: 
Pray 1               1 
  Stay indoors   1   1 1   1   4 
  
Don't wear red clothing 
or jewellery     1         1 2 
  run into a donga (hole)           1     1 
  Scientifically: Earth conductor 1 1 1   1   1   5 
  Switch of all electrical       1   1     2 
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appliances 
  Do not move around               1 1 
11 Do you think that sharing and 
testing everyday knowledge and 
indigenous knowledge about 
lightning add value to your (or 
your learners’) understanding of 
the phenomenon of lightning? 
Explain your answer. 
No 1               1 
  
No, There is no link 
between indigenous 
knowledge and science. 
Everyday knowledge 
could be used to explain 
certain phenomenon 
1               
1 
  Yes   1 1 1 1 1 1 1 7 
  
Learners will respect 
each other and their 
cultural issues. 
1 1 1 1   1     
5 
  
Their knowledge 
complement each other 
        1     1 
2 
  It helps to dispel myths             1   1 
 
12 Which of the following statements are true and which is false? 
 
TRUE FALSE 
% 
TRUE 
a Lightning never strikes the 
same place twice 
F F F F T F F T 2 6 25.0% 
b If it’s not raining or there 
aren’t clouds overhead, 
you’re safe from lightning. 
F F T F F F F F 1 7 12.5% 
c Rubber tires on a car 
protect you from lightning 
by insulating you from the 
ground 
T T T T T F F T 6 2 75.0% 
d The human body does not 
store electricity. It is 
perfectly safe to touch a 
lightning victim to give 
them first aid. 
F F F F T F F F 1 7 12.5% 
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e If outside in a 
thunderstorm, you should 
seek shelter under a tree to 
stay dry 
F F F F F F F F 0 8 0.0% 
f A house is a safe place to 
be during a thunderstorm 
as long as you avoid 
anything that conducts 
electricity 
T T T T T T T T 8 0 100.0% 
g Structures with metal, or 
metal on the body 
(jewellery, cell phones, 
Mp3 players, watches, etc), 
attract lightning. 
T T T T F T T T 
7 1 
87.5% 
h If trapped outside and 
lightning is about to strike, 
I should lie flat on the 
ground. 
T T T T F T F F 
5 3 
62.5% 
i The colour red doesn't 
attract lightning. 
T T F T T F T F 
5 3 
62.5% 
j Covering the mirrors in a 
house won't make a 
difference. 
T T T T T T T F 
7 1 
87.5% 
k Syringa trees aren't more 
strike-prone than other tree 
species of similar height 
T T T T T T T F 
7 1 
87.5% 
l A tyre on the roof won't 
drive lightning away 
T T T T T T T F 
7 1 
87.5% 
m Some people can control 
lightning 
F F F F F F F T 
1 7 
12.5% 
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ANALYSIS OF PRE-TEST QUESTIONNAIRES FOR LEARNERS 
 
Number of respondents 12 15 19 12 19 12 6 23 118 
Respondent Number Answer Supplied 
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Using your everyday knowledge, explain 
what lightning is. 
Electrical charges from the sky           1 2 3 6 
When the potential difference between the charges are high enough, there 
is a rapid movement of charge between the layers which is a lightning 
strike           1   3 4 
Electrical charges are in the clouds 4 3 2 4     1 5 19 
lightning travels from negative to positive charge           3     3 
Electric charge that comes from above. 1 2 1 3 6       13 
Charge which moves fast during a storm           1   5 6 
Electrical charges get together and form large sparks that are attracted to 
metal conductors           1 1   2 
Streams of electrical light that appear during a thunderstorm         3       3 
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Electrical charge suspended from the clouds 1 2 1   1       5 
When clouds are positively charged and the ground is negatively charged 
then it will occur 1 3 4 2 1       11 
lightning is a huge number of electrons 1 2 1 2 1       7 
When clouds bump into each other           3   3 6 
Pressure made by weather               4 4 
It comes from mother nature           1 1   2 
Something that happens when it rains           1     1 
Positive charges from the sky which are thrown down by Zeus the god of 
lightning             1   1 
lightning is electricity thrown at someone                 0 
God is taking a picture of that area 1 2 3   1       7 
God is angry, the witches want to kill someone 1 2 1 1 1       6 
Fight between God and evil men         2       2 
No answer given 2 1 1   2       6 
Explain the phenomenon of lightning Witch craft 1 3 5 3 2 1     15 
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using your cultural (indigenous) 
knowledge 
Roman God name Zeus threw lightning bolts from a mountain 3 2 3   3     3 14 
When a witch an enemy get together to do something           1     1 
When people tour then clouds bump into each other           3   6 9 
It is when the gods send down electrical fire to break the clouds open and 
send down rain           1 1 2 4 
Ancestors could be angry           1 1   2 
Way to destroy someone           1   5 6 
Created by God               4 4 
Electrical discharge at a high voltage           2     2 
Don’t be outside because it can have an indigenous effect on the body           1     1 
It is when God is angry because we sinned to much             1   1 
It is a sign when God is angry. It also occurs when angels are moving 
around furniture           1 2 3 6 
Angels are moving the furniture 1 2 1   1       5 
Can damage people’s houses and kill people         1       1 
The top of the cloud becomes positively charged         1       1 
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lightning comes from a witch when she is upset 1 3 3 4 1       12 
When a boy eats from a pot there will be a vicious lightning at his 
ceremony 4 2 2   4       12 
When the gods are angry at our sins. It could be the witches sending the 
lightning by witchcraft 1 1 3 3 2       10 
Two gods fighting high in the clouds 1 2   2 2       7 
Amakhosi - a Xhosa god         1   1   2 
Define lightning to the best of your 
scientific ability 
Negative charges from the clouds are attracted by the positively charged 
ground. 2 2 5   3 2 1   15 
Dramatic display of electricity           2     2 
Sharp rays of light that hit the earth at a pace when the weather is stormy           2 1   3 
lightning appears when two or more heavily filled clouds come together 
and then due to the friction caused by them lightning is formed.             2 3 5 
Interaction between electrical atoms that are mostly at rest           3   3 6 
When clouds bump/scrape against each other while moving           2     2 
The earth moves around and the atmosphere has charges, and when these 
charges attract they form lightning           1 1   2 
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lightning is a massive electrostatic discharge cause by unbalanced 
electrical charges in the sky           1   3 4 
Friction between two clouds therefore suspending an electrical charge 2 2 3 2 2     3 14 
Ice in the clouds are critical to the lightning process. Ice in a cloud seems 
to be a key element in the development of lightning           1     1 
It is a discharge of electric charge that built up into a thunderstorm                 0 
Interaction between electrical atoms that are mostly at rest             1   1 
Light in the sky         1       1 
When the clouds and the air polarize and the clouds are charged 1 2 0 0 1       4 
Positive charges from the clouds are attracted by the negatively charged 
ground. 2 3 1 0 2       8 
Natural electrical discharge of very short duration         2       2 
Ice in the clouds are critical to the lightning process. Ice in a cloud seems 
to be a key element in the development of lightning 1 2 6 1 1       11 
lightning is a large some of negatively charged electrons that are attracted 
towards the earth by a oppositely charged substance 1 2 1 5 2       11 
lightning is when two positive and negative charges rub together and they 1 4 1 3 1       10 
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cause high voltage electricity that strikes down on the earth which we call 
lightning 
When the electrons from the clouds come to earth to go in with the 
neutrons to be neutral 1 2 1 1 1       6 
A electric spark which is discharged, occurring in a dark cloud 1 3 1 1 1       7 
Does any of the answers supplied above 
conflict with the other(s)? 
Yes, scientifically it is not the work of a witch but culturally it is. 1 2 1 1 2 0 2 3 12 
Yes, all the others contradict one another 1 5 1 1 1     2 11 
Yes, it shows me different views           3   3 6 
Yes, on person says a person creates it another says it is in nature 1 2 2 1 1       7 
Yes, some of the answers are based on cultural knowledge. There is clear 
contrast between them 1 4 1 1 1       8 
Yes, one says its gods fighting in the clouds and one says its two negative 
and positive charges rubbing together. 1 2 2 1 1       7 
Yes, indigenous people think it is the doing of evil               0 0 
Yes, many people see lightning as an natural element, while others see it 
as an demonic aspect           1   5 6 
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Yes, in cultural beliefs, lightning is a result of actions of God and 
supernatural beings. Whereas scientific knowledge suggests that it is a 
natural occurrence in which charges are responsible           1 1 3 5 
Yes, we each have our own perspectives           2 3   5 
No 5 1 1 6 11 5 1 4 34 
Yes, because many people have different answers 1 2 1 2 1       7 
Yes, one says Zeus the others say its witch crafting and spirits and natural 
causes             2   2 
Yes, No reason stated 1 2 2 1 1     3 10 
When someone asks you to give your 
understanding of lightning, does the 
setting (or circumstances) determine 
which of the above answers you would 
give?  
Yes, we each have our own perspectives               7 7 
No 7 2 2 3 14 4 0   32 
Yes, It’s what we hear from childhood so we say it happens like that 1 2 1 1 1       6 
Yes, because people all have different beliefs and not all people would 
believe my understanding of lightning 1 1 2 6 1       11 
Yes, if it was a child I would tell him/her the cultural understanding 
instead of the scientific. 1 2 1 1 1       6 
Yes, we all a different understanding 1 2 4 1 1       9 
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Yes, I'll tell them what I heard 1 2 1 0 1       5 
Yes, it is the knowledge I have gained growing up           1 2   3 
Yes, lightning is something           1     1 
Yes, in spiritual settings, I would give my cultural explanations, and 
would give the scientific explanation in a classroom setting. The type of 
answer depends on what to expect in the company of different people           1 1   2 
Yes, scientifically it shows me more about lightning           3   3 6 
Yes, The scientific notation because it was discovered by means of 
science               3 3 
Yes, people tell me the same thing               2 2 
Yes, in spiritual settings, I would give my cultural explanations, and 
would give the scientific explanation in a classroom setting. The type of 
answer depends on what to expect in the company of different people               3 3 
Yes, No reason stated           1   5 6 
Who create(s) lighting? Use everyday 
knowledge: 
God 4 2 1 1 10 1   0 19 
Electric Charges 2 2 2 8 2 1   6 23 
Jesus 1 1 3 0 1       6 
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The clouds 2 2 2 1 2     3 12 
Rain           2   5 7 
Thunder           2   5 7 
Amakhosi a Xhosa god 1 1 10 1 1       14 
The gods 1 2 12 1 1   2 3 22 
Nature 1 4 3 2 1 1 1 3 16 
Zeus the god of lightning             1   1 
Use Indigenous knowledge systems Witch 3 2 1 2 7 1 1 4 21 
intense light and heat             0   0 
Ancestors         1 1 0   2 
The gods 1 2 1 1 1 1     7 
Nature           4     4 
Qamata         1 1 2   4 
Roman Gods 1 2 1 0 1 3   3 11 
Rising of humid air in the atmosphere               3 3 
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Sangomas           1   7 8 
Zeus the god of lightning 2 0 10 4 2 1 1 3 23 
No answer given 2 1 14 4 3       24 
God 3 1 1 2 3       10 
Mother nature that lives above the clouds         1       1 
The angry gods 1 2 2 1 1       7 
Scientifically: Positive and negative charges  2 2 1 2 2 0 2 0 11 
Electric particles           1   3 4 
Electric Charges 2 2 4 1 3 2 0   14 
Clouds which create friction amongst one another 2 2 2 1 2       9 
Natural electrical discharge of very short duration         2       2 
Collision of Particles           1     1 
Ice in the clouds           1 1 2 4 
Particles           1   4 5 
Electric potential difference between the clouds and the ground           1 2 3 6 
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Climatic conditions 1 3 1 1 2 1 1   10 
Clouds 3 1 1 1 3 3 3   15 
Neutrons and electrons 1 3 1 1 1       7 
No answer given 1 2 1 1 4 1   8 18 
Why are people struck by lightning? Use 
everyday knowledge:  
They are wearing good conductors of electricity. 3 2 1 4 7 1 1 3 22 
Red t-shirt/top 1 1 3 1 3 4 0 10 23 
Traditional Muti               4 4 
When you play with your phone outside and there is lightning 1 2 1 1 1       6 
Because they at the wrong place at the wrong time 1 2 1 2 1       7 
They are oppositely charged to the lightning bolt 1 1 2 1 1       6 
They are wearing metal or any object that attracts lightning or they are the 
tallest object in the area 1 1 2 1 1       6 
Safety precautions were not taken into consideration 1 3 2 2 5       13 
They have electrical charges flowing within them 1 1 1 1 1       5 
People are positively charged which attracts lightning 1 2 4 1 1       9 
When they cause too much sin god punishes them by hitting them with it 1 3 4 1 1       10 
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Because they at the wrong place at the wrong time           2 0 8 10 
People are positively charged which attracts lightning               3 3 
When they are moving or wearing jewellery           1 1   2 
Put themselves at risk           1     1 
When they are the tallest object or are standing under a tree           2     2 
People sit under a tree           1     1 
They stand under trees           1     1 
Don’t drink or eat             1   1 
Use Indigenous knowledge systems: When they do something bad witches want to kill them. 2 1 6 1 3 0 2 0 15 
When you do bad things 1 2 1 1 1       6 
If you wear red clothing         1 3   3 7 
They wearing red           1   4 5 
When Zeus is angry with you 1 2 1 1 1     3 9 
No answer given 2 2 1 1 2       8 
A witch directed the lightning 2 2 1 2 3       10 
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Someone wants them dead 1 1 3 1 1       7 
They disrespect the gods 1 6 1 1 1       10 
When Zeus is angry with you 1 2 1 1 1       6 
Walking barefoot or being outside during lightning         2       2 
Something to do with electrons and neutrons 1 2 1 1 1       6 
When people watch TV           3   6 9 
Someone wants them dead             1   1 
Eating from a pot before getting married           1 1   2 
A witch possessed a guy               2 2 
Sangomas who want to destroy them           1   7 8 
They have committed horrendous crimes and God is punishing them for it           1 0 3 4 
When someone is wearing something red or if someone runs             4   4 
Being targeted by witch craft 0 2 1 2 1   0   6 
Scientifically: Might be standing on a high peak 2 4 4 1 2 0 2 0 15 
People are positively charged which attracts lightning 1 2 2 2 1     3 11 
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When you wear something shiny like jewellery that attracts lightning 1 1 1 1 1       5 
Because they wear electricity conductors which attract lightning 2 1 4 1 3 6 1 3 21 
Standing under a tree         1   1   2 
They are polarized oppositely to the cloud 1 3 2 1 1       8 
When there’s too much heat that has an effect on the clouds 1 4 1 3 1       10 
Person might have been wearing metal 1 2 3 6 1       13 
No answer given 1 2 1 1 3       8 
They have electrical conductors on them or they touching it 1 4 2 1 1   1   10 
Humans are positively charged therefore attracting the lightning               3 3 
When they sit in a car           0 1   1 
Humans are 80% salt water-a good conductor of electricity, lightning 
prefers flowing from clouds to the ground through the best conductors. 
Humans are also tall, allowing for a faster target when they are on flat 
ground. People are also not directly hit but experience the effects of the 
travelling electrical current in the ground which can also have effects           1 4 5 10 
When they use Zinc or platinum things           1     1 
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What is thunder? The noise which comes after lightning 2 2 1 1 3 6 2 12 29 
Thunder 1 1 3 1 1 3   3 13 
Thunder is when clouds bump each other and make a noise 1 2 1 1 1     2 8 
Thunder is created when lightning passes 1 1 3 1 1 1 2   10 
The sounds of electrons rushed out from the cloud 1 3 1 1 1       7 
It is a strip of lightning that is electrically charged which is produced by 
the nature 1 1 1 1 5       9 
Sound made by the sky when there is too much rain and lightning, sounds 
like coughing         1       1 
No answer given 1 1 1 3 1       7 
A loud noise heard when there’s rain and lightning 1 1 3 2 1       8 
The sounds created by clouds when they quickly close the vacuum that is 
caused by lightning 2 2 4 1 2       11 
It is the sound which come from the clouds before it rains thunderstorm. 1 4 5 1 1       12 
Powerful lightning               3 3 
The sounds created by clouds when they quickly close the vacuum that is 
caused by lightning               3 3 
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When two clouds bomb each other           1     1 
When clouds dash together and break apart           1 1   2 
Who creates thunder? God 6 2 2 1 10 4 1 0 26 
lightning 2 4 2 1 2     3 14 
Clouds 1 4 5 1 1     3 15 
It’s the sound waves that travel amongst the clouds, causing it to result a 
raucous sound 1 1 2 2 1       7 
The Gods 1 2 1 0 1       5 
No answer given 1 4 2 3 1       11 
Angry witches         1       1 
Sound waves that travel through the sky 1 1 4 1 2   1   10 
It is created due to the expansion of rapidly heating air after a lightning 
strike.           1   3 4 
When the earths surface cools down           3   3 6 
The fighting ancestors           1     1 
Friction           1     1 
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Nature           2   9 11 
Rain               3 3 
Air molecules               2 2 
It is created due to the expansion of rapidly heating air after a lightning 
strike.             0   0 
What can be done to protect yourself 
(including your home) from lightning           0 0 2 2 4 
Use everyday knowledge: Put off TV and don’t talk on the phone 1 2 2 2 2 2 1 0 12 
Opening windows 1 2 4 4 1 1 0   13 
Put towels and blankets over the mirrors and put off the TV 2 2 2 1 4 1 1   13 
Cover mirror and TV 1 1 1 1 2 3     9 
Stay at home and don’t come out 1 0 0 1 1     3 6 
Stay indoors don’t swim 1 3 4 3 1     2 14 
Don’t stand under a tree 1 3 5 1 1   0   11 
Open windows so that lightning can come in and out again so it doesn’t 
stay in the house 1 1 1 1 1   1   6 
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Electricity connection wrong         1       1 
Sit still and do nothing 1 0 1 1 1       4 
Stay indoors and switch off electrical appliances 1 9 2 1 1       14 
Put a tyre on the roof         1       1 
Stay in one place and avoid witches         1       1 
Lie down flat, get out of clear ground 1 1 1 2 1       6 
Making a fire               4 4 
By covering all metallic things in the household           2 1 5 8 
Stay indoors and cover mirrors           2 2   4 
Close windows and doors           1     1 
Lie down flat, get out of clear ground               3 3 
Close curtains             0   0 
Stay inside during a lightning strike, preferable under the bed covers and 
do not use electrical appliances           1 1 3 5 
Use Indigenous knowledge systems: Pray 1 3 6 1 1 1 1 4 18 
Don't wear red         2 3 2   7 
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Don’t make Zeus angry 1 1 1 2 1     3 9 
Cover mirrors and sit still 2 4 3 4 2     3 18 
Sit on the floor           1 1   2 
No answer given 2 3 2 1 2   2   12 
Don’t be friends or enemies with witches 1 2 1 2 1   2 0 9 
Switching off all electrical appliances           3 0   3 
Stay indoors 1 2 1 1 1       6 
Don't stand under a tree         1 1   3 5 
Praise the gods. Beg for mercy not to be struck 1 1 1 1 1       5 
Avoid upsetting powerful witches 1 1 4 1 1       8 
Covering mirrors, switching off the TV and don’t look out the window 1 1 1 1 2 1   8 15 
Respect your elders and gods 1 1 1 1 1     2 7 
Don’t look out the window         1       1 
Don’t upset the ancestors         2       2 
Scientifically: Wear rubber shoes         0 0 1 0 1 
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Avoid open fields and metallic objects 3 3 7 1 3 6   8 31 
Lie flat on the ground so that the electricity doesn’t find you 2 0 3 1 2 1 3 6 18 
Try to find a voltmeter to try and lower it                4 4 
No answer given 1 0 1 2 5       9 
Stay away from electricity conductors 3 12 3 1 4 2 2 3 30 
Move from higher to lower elevations           1   3 4 
Stay away from water and metal           1 1 2 4 
Stay away from the sink and mirrors           1     1 
Put away good conductors of electricity 2 0 3 2 3 1 1 3 15 
Stay indoors do not attract it 2 0 2 1 2 1 1 6 15 
Do you think that sharing and testing 
everyday knowledge and indigenous 
knowledge about lightning add value to 
your (or your learners’) understanding of 
the phenomenon of lightning? Explain 
Yes, so we get a better view on how others see and understand lightning 2 5 2 1 3 1 2 4 20 
Yes, lightning is what we see when it is going to rain and we are going to 
learn about lightning         1       1 
Yes, sometimes it’s a good story to tell kids 1 1 7 1 1 1   3 15 
Yes, you can get more knowledge about the world and how cultures differ 1 1 1   1 1   3 8 
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your answer. Yes, views expressed by other learners can help me understand more 
about lightning and how it happens and how it is good to protect myself 1 4 1 1 1       8 
Yes, it is because the learners come up with different views and different 
answers that is interesting 2 2 0 2 2       8 
No, many people aren’t interested in rain 1 1 1   1       4 
Yes, they start getting educated on how to prevent yourself from being 
struck by lightning and knowing that cause of what is happening in the 
outside world 1 0 3   1       5 
Yes, you gain more knowledge about the understanding of lightning by 
different cultures and indigenous knowing. 1 0 1   1       3 
Yes, you get more knowledge about nature, culture and others opinions 
about their culture             1   1 
Yes, it help children understand things and they can share their ideas                 0 
Yes, I am gaining more knowledge but nobody will know exactly how it 
happens             0   0 
No answer given 2 2 2   5 1 2 5 19 
Yes, No reason stated               2 2 
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Yes, it forces us to consider the phenomenon from all possible aspects 
and to develop and conclusions of peoples perspectives           4 4 3 11 
Yes, they start getting educated on how to prevent yourself from being 
struck by lightning and knowing that cause of what is happening in the 
outside world           1   3 4 
Which of the following statements are 
true and which is false?         
Lightning never strikes the same place 
twice 
FALSE 
5 7 9 8 8 4 5 11 57 
  TRUE 6 8 10 4 11 8 1 12 60 
If it’s not raining or there aren’t clouds 
overhead, you’re safe from lightning. 
TRUE 
7 5 14 8 12 5 0 13 64 
  FALSE 5 10 5 3 7 6 6 5 47 
Rubber tires on a car protect you from 
lightning by insulating you from the 
ground 
TRUE 
11 8 14 12 16 9 5 13 88 
  FALSE 1 2 3 0 3 2 1 7 19 
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The human body does not store 
electricity. It is perfectly safe to touch a 
lightning victim to give them first aid. 
FALSE 
11 8 12 12 17 10 5 14 89 
  TRUE 1 3 7 0 2 2 1 9 25 
If outside in a thunderstorm, you should 
seek shelter under a tree to stay dry 
TRUE 
2 2 2 0 3 2 3 5 19 
  FALSE 10 10 17 12 16 9 6 16 96 
A house is a safe place to be during a 
thunderstorm as long as you avoid 
anything that conducts electricity 
TRUE 
12 5 16 12 18 10 0 20 93 
  FALSE 0 4 3 0 1 1 3 5 17 
Structures with metal, or metal on the 
body (jewellery, cell phones, Mp3 
players, watches, etc), attract lightning. 
TRUE 
12 9 12 11 17 11 3 21 96 
  FALSE 0 1 7 1 2 1 3 2 17 
If trapped outside and lightning is about 
to strike, I should lie flat on the ground. 
TRUE 
9 6 14 7 14 6 3 14 73 
  FALSE 3 5 7 5 5 5 3 9 42 
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The colour red doesn't attract lightning. TRUE 10 3 8 2 13 8 3 10 57 
  FALSE 2 8 8 10 6 4 3 11 52 
Covering the mirrors in a house won't 
make a difference. 
TRUE 
7 5 8 2 8 3 5 9 47 
  FALSE 5 6 11 10 11 9 1 14 67 
Syringa trees aren't more strike-prone 
than other tree species of similar height 
TRUE 
5 6 6 7 8 5 5 11 53 
  FALSE 6 11 10 5 10 5 1 14 62 
A tyre on the roof won't drive lightning 
away 
FALSE 
7 3 16 4 14 7 1 6 58 
  TRUE 5 6 3 8 5 5 5 16 53 
Some people can control lightning FALSE 12 12 12 8 18 11 5 21 99 
  TRUE 0 0 7 4 1 1 1 2 16 
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APPENDIX F-1 
Teacher Argumentation(8) 
Respondent 
Number 
Answer Supplied 1 2 3 4 5 6 7 8 Total 
Activity1                     
Claim A witch is responsible * * * * * * * * 8 
Reason Someone wanted her child dead * * * * * 
 
* 
 
6 
Reason 
Only her son was struck even though 
there were many others around with him      
* 
 
* 
2 
Warrant It was done through the power of a witch * 
      
* 2 
Warrant 
The referee was the only one struck by the 
lightning  
* * * * * * 
 6 
Rebuttal The metal whistle attracted the lightening. * 
 
* * * * * 
 
6 
Rebuttal He was in an open field in the rain 
 
* 
    
* * 3 
Activity 4                     
Claim They repel each other * * * * * * * * 8 
Reason Like charges repel * * * * * * * * 8 
Warrant 
A force of static electricity exerts a force  
on the particles  
* * * * 
 
* 
 5 
Rebuttal The wind is blowing them apart 
     
* 
  
1 
Rebuttal It is magic * 
    
* 
  
2 
Rebuttal A force of telepathy is keeping them apart     *           1 
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APPENDIX F-2 
SUMMARY OF TEACHER ARGUMENTATION 
WRITING FRAME RESPONSES 
Activity 1 Mum blames witch 
         
Claim Lightning sent by witch 
         
Reason Someone wanted my child dead 
         
Warrant Son was the only one struck 
         
Rebuttal Open field, raining, He had a whistle 
(metal)          
Activity 4 Argumentation in a scientific context 
         
Claim They repel each other 
         
Reason Like charges repel each other 
         
Warrant Forces exist between charges 
         
Rebuttal The wind could be blowing them apart.  
Telepathy is keeping it apart.                                                 
Magic. 
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APPENDIX F-3 
SUMMARY OF LEARNER ARGUMENTATION WRITING FRAME RESPONSES  
Respon
dent 
Numbe
r 
Schools 
Sc
ho
o
l A
 
Sc
ho
o
l B
 
Sc
ho
o
l C
 
Sc
ho
o
l D
 
Sc
ho
o
l E
 
Sc
ho
o
l F
 
Sc
ho
o
l G
 
Sc
ho
o
l H
 
To
ta
l 
Activit
y 1 
Answer 
Supplied 
        
 
Claim A witch is 
responsible 
10 15 18 13 17 6 4 8 91 
Reason Only her son 
was struck by 
the lightning 
2 2  2 4 6 4 8 28 
 Someone 
wanted to kill 
her son 
8 13 18 11 13    63 
Warrant Her son was 
the only one 
person struck 
by lightning 
8 13 18 13 4 4 4 6 70 
 A powerful 
witch can 
send 
lightning 
2 2   13 2  2 21 
Rebutta The metal 10 14 15 13 17 6 4 8 87 
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l whistle 
attracted the 
lightening. 
 He was the 
tallest person 
on the field 
1 4  1     6 
 He was 
standing 
alone while 
all the 
players were 
close to each 
other. 
3  2 3     8 
          
 
Activit
y 4 
 
        
 
Claim They repel 
each other 
10 15 18 13 17 6 4 5 88 
Reason The net, or 
total electric 
charge stays 
the same 
1 3   4    8 
 Like charges 
repel / They 
have the 
10 15  13 13 6 4 4 65 
197 
same charge 
 When you 
charge 
something 
with static 
electricity no 
electrons are 
made or 
destroyed 
2    14    16 
Warrant They are 
forces caused 
by charges 
4  4  3 1 3 2 17 
 No electrons 
are being 
transferred or 
made 
1      2  3 
 Force of 
attraction and 
repulsion 
       2 2 
 Charged 
objects create 
an invisible 
electric field 
around them 
 2 14   2   18 
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 It means that 
charge is 
quantised and 
its always in 
a fixed or 
multiple 
value, 
therefore it 
can’t be 
produced nor 
destroyed 
       2 2 
Rebutta
l 
The gods are 
pushing them 
apart 
 1 1 2     4 
 
Points given 
scientifically 
is the field 
strength that 
attracts the 
electric 
energy 
  3      3 
 Charged 
objects create 
an invisible 
electric field 
       1 1 
199 
around them 
 Magic (A 
witch) is 
keeping them 
apart 
  6 3     9 
 The charged 
object could 
share 
electrons 
    1    1 
 They won’t 
repel each 
other if the 
charges are 
too small or 
if they are not 
close enough 
    3 1   4 
 Like charges 
repel, unlike 
charges 
attract 
    8 2 2 1 13 
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APPENDIX G 
 
 
Post-Test Questionnaire  
Research Project: Teaching and learning electrostatics using indigenous knowledge,  
                                  everyday knowledge and scientific argumentation 
Respondent Number  
Instructions 
• Read the questions carefully 
• Where the space provided are not sufficient, attach a page(s) with your complete 
answer(s). 
13. Using your everyday knowledge, explain what lightning is. 
 
 
 
 
14. Explain the phenomenon of lightning using your cultural (indigenous) knowledge. 
 
 
 
 
15. Define lightning to the best of your scientific ability. 
 
 
 
• PO Box 77000 •  Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 •  South Africa •  www.nmmu.ac.za 
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16.  Does any of the answers supplied above conflict with the other(s)?  
 
If Yes. How:  
 
 
 
17. When someone asks you to give your understanding of lightning, does the setting (or 
circumstances) determine which of the above answers you would give?  
 
If Yes. Why:  
 
 
 
18. Who create(s) lighting? 
Use everyday knowledge: 
 
Use Indigenous knowledge systems: 
 
Scientifically: 
 
 
19. Why are people struck by lightning? 
Use everyday knowledge: 
 
 
Use Indigenous knowledge systems: 
 
 
Scientifically: 
YES NO 
YES NO 
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20. What is thunder? 
 
 
 
 
21. Who creates thunder? 
 
 
 
 
22. What can be done to protect yourself (including your home) from lightning 
Use everyday knowledge: 
 
 
Use Indigenous knowledge systems: 
 
 
Scientifically: 
 
 
 
 
  
23. Do you think that sharing and testing everyday knowledge and indigenous knowledge 
about lightning add value to your (or your learners’) understanding of the 
phenomenon of lightning? Explain your answer. 
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24. Which of the following statements are true and which is false? 
 
Thank you for taking your participation and for completing this questionnaire.  
Ernest Loggenberg     041 995 4152   or   084 580 4395 
 
a Lightning never strikes the same place twice True False 
b If it’s not raining or there aren’t clouds overhead, you’re safe 
from lightning. 
True False 
c Rubber tires on a car protect you from lightning by insulating 
you from the ground 
True False 
d The human body does not store electricity. It is perfectly safe to 
touch a lightning victim to give them first aid. 
True False 
e If outside in a thunderstorm, you should seek shelter under a 
tree to stay dry 
True False 
f A house is a safe place to be during a thunderstorm as long as 
you avoid anything that conducts electricity 
True False 
g Structures with metal, or metal on the body (jewelry, cell 
phones,Mp3 players, watches, etc), attract lightning. 
True False 
h If trapped outside and lightning is about to strike, I should lie 
flat on the ground. 
True False 
i The colour red doesn't attract lightning. True False 
j Covering the mirrors in a house won't make a difference. True False 
k Syringa trees aren't more strike-prone than other tree species of 
similar height 
True False 
l A tyre on the roof won't drive lightning away True False 
m Some people can control lightning True False 
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APPENDIX G-1 
 
ANALYSIS OF POST-TEST QUESTIONNAIRES FOR TEACHERS 
 
      Respondent Number   
  Question Answer Supplied 1 2 3 4 5 6 7 8 Total 
1 Using your everyday 
knowledge, explain what 
lightning is. 
Electric bolt of light from the 
sky 
1     1 1 1 1 1 6 
  Type of electricity 1 1 1 1 1   1 1 7 
  Movement of electrical 
charges 
    1     1     2 
2 Explain the phenomenon 
of lightning using your 
cultural (indigenous) 
knowledge 
Punishment for bad people 1               1 
  Dangerous light that can harm 
or kill you 
1 1 1   1   1   5 
  God displays anger       1   1   1 3 
3 Define lightning to the 
best of your scientific 
ability 
Flow of charged particles 
(discharges of electrical 
particles) 
1 1 1 1 1 1 1 1 8 
4 Does any of the answers 
supplied above conflict 
with the other(s)? 
Yes 1 1 1 1 1 1   1 7 
  Yes, indigenous knowledge 
and  scientific knowledge 
clash 
1 1 1 1 1 1   1 7 
    No             1   1 
5 When someone asks you 
to give your 
understanding of 
lightning, does the 
setting (or 
circumstances) 
determine which of the 
above answers you 
would give?  
No 1 1 1 1 1   1   6 
  Yes           1   1 2 
  Yes. The context or 
knowledge of the person 
determines my answer 
      1   1   1 3 
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6 Who create(s) lighting? 
Use everyday 
knowledge: 
God           1   1 2 
  Natural phenomenon  1 1 1   1 1 1   6 
  Use Indigenous 
knowledge systems 
Ancestors 1 1     1 1 1 1 6 
  The gods     1 1         2 
  Scientifically: Electrical charges)within the 
clouds 
1 1 1 1 1 1 1 1 8 
7 Why are people struck 
by lightning? Use 
everyday knowledge:  
No precaution is taken 1   1   1   1 1 5 
  Bad people       1   1   1 3 
    They are in the path of the 
lightning 
  1     1   1   3 
  They wear red clothing and/or 
jewellery 
    1           1 
  Scientifically: They use electrical appliances               1 1 
  They are the tallest object in 
the area 
1   1   1   1   4 
  They are in the path of the 
lightning 
  1 1 1 1 1 1   6 
8 What is thunder? Sound caused by lightning 1 1 1 1 1 1 1 1 8 
    A natural phenomenon 1 1 1 1 1 1 1 1 8 
                       
10 What can be done to protect yourself (including your 
home) from lightning 
  
                 
  Use everyday 
knowledge: 
Stay indoors 1 1 1 1   1   1 6 
  Avoid open spaces       1 1   1   3 
  Avoid trees   1     1   1   3 
  Use Indigenous 
knowledge systems: 
Pray 1 1   1 1 1     5 
  Don't wear red clothing or     1 1     1 1 4 
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jewellery 
  Scientifically: Earth conductor 1 1 1 1 1 1 1 1 8 
  Switch of all electrical 
appliances 
1     1   1     3 
    Yes 1 1 1 1 1 1 1 1 8 
  Learners will understand each 
other cultures 
1 1 1 1   1     5 
  It helps to dispel myths         1   1 1 3 
12 Which of the following statements are true and which is 
false? 
  TRUE FALSE 
% 
TRUE 
a Lightning never strikes the 
same place twice 
F F F F F F F F 0 8 0.0% 
b If it’s not raining or there 
aren’t clouds overhead, 
you’re safe from lightning. 
F F F F F F F F 0 8 0.0% 
c Rubber tires on a car protect 
you from lightning by 
insulating you from the 
ground 
T T T T T T T T 8 0 100.0% 
d The human body does not 
store electricity. It is 
perfectly safe to touch a 
lightning victim to give 
them first aid. 
F F F F F F F F 0 8 0.0% 
e If outside in a thunderstorm, 
you should seek shelter 
F F F F F F F F 0 8 0.0% 
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under a tree to stay dry 
f A house is a safe place to be 
during a thunderstorm as 
long as you avoid anything 
that conducts electricity 
T T T T T T T T 8 0 100.0% 
g Structures with metal, or 
metal on the body 
(jewellery, cell phones, Mp3 
players, watches, etc), 
attract lightning. 
T T T T T T T T 8 0 100.0% 
h If trapped outside and 
lightning is about to strike, I 
should lie flat on the ground. 
F F F T F T F F 2 6 25.0% 
i The colour red doesn't 
attract lightning. 
T T T T T F T T 7 1 87.5% 
j Covering the mirrors in a 
house won't make a 
difference. 
T T T T T T T T 8 0 100.0% 
k Syringa trees aren't more 
strike-prone than other tree 
species of similar height 
T T T T T T T T 8 0 100.0% 
l A tyre on the roof won't 
drive lightning away 
T T T T T T T T 8 0 100.0% 
m Some people can control 
lightning 
F F F F F F F T 1 7 12.5% 
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APPENDIX G-2 
ANALYSIS OF POST-TEST QUESTIONNAIRES FOR LEARNERS 
 
Number of respondents 11 14 18 8 18 9 10 23 111 
Respondent Number Answer Supplied 
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Using your everyday 
knowledge, explain what 
lightning is. 
Electrical charges in the sky 
11 14 18 8 18 9 10 23 111 
Explain the phenomenon of 
lightning using your cultural 
(indigenous) knowledge 
Culturally people believe 
different things, such as; the 
Ancestors, God is angry, 
angels are moving furniture, 
Gods taking photos etc. 5 8 8 4 12 4 3 11 55 
  Witches 6 6 10 4 6 5 7 12 56 
Define lightning to the best of 
your scientific ability 
Lightning is a massive 
discharge of static electricity 11 5 13 7 11 3 9 14 73 
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between two areas of opposite 
charge 
 
An electric bolt of light 1 9 5 1 7 6 1 9 44 
Does any of the answers 
supplied above conflict with 
the other(s)? 
Yes, in cultural beliefs 
lightning is a result of action 
of God and supernatural 
beings, whereas scientifically 
we know that lightning is a 
natural occurrence resulting 
from  charge 
5 7 6 5 10 6 5 12 58 
  No 6 7 7 3 7 3 6 11 53 
When someone asks you to 
give your understanding of 
lightning, does the setting (or 
circumstances) determine 
which of the above answers 
you would give?  
Yes, the age (education) of the 
person could have an impact 
on the way you explain what 
lightning is. 
4 5 3 3 6 3 2 5 31 
  No 7 8 15 5 12 5 8 17 77 
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Yes, I would rather use 
culturally because its easier 
for people who are know 
familiar with electrostatics to 
understand           1   1 2 
Who create(s) lighting? Use 
everyday knowledge: 
God 
          7 9 20 36 
  Electrical charges in the sky 10 1 16 7 16       50 
  Thunderclouds           1   1 2 
  Sangomas  1 12 2 1 2 1 1 2 22 
Use Indigenous knowledge 
systems 
God 
4 3 6 3 9 3 3 9 40 
  Zeus           1   1 2 
  Nature 1 5 12 5 2       25 
  Witch 6 9 18 8 7 5 7 13 73 
Scientifically: 
The attraction of two opposite 
charges in a area (e.g. The 
clouds and the earth’s surface) 11 5 18 6 18 9 10 23 100 
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Why are people struck by 
lightning? Use everyday 
knowledge:  
People are generally struck by 
lightning when they don’t 
adhere to the safety 
precautions of lightning 8 8 16 5 14 9 9 22 91 
Use Indigenous knowledge 
systems: 
When you punished for doing 
something wrong 7 9 2 1 10 5 9 18 61 
  
They at the wrong place 
at the wrong time         3 4   4 11 
Scientifically: 
The human body is about 80 
percent salty water. Salty 
water is a good conductor of 
electricity, and lightning 
wants to flow from the clouds 
to the ground through the best 
conductor. 1 9 3 1 1 1 1 3 20 
  
They are wearing conductors 
of electricity during lightening 
(outside) 1 8 5 1 7 5 1 9 37 
  You may be the easiest path 9 11 13 6 13 3 9 15 79 
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for the lightning to reach the 
ground 
What is thunder? 
The sound heard after 
lightening strikes 11 5 18 8 17 8 10 23 100 
Who creates thunder? 
Thunder is created by 
lightening when the area 
rapidly cools down 11 8 15 8 12 5 9 17 85 
  Clouds         5 3 1 5 14 
  God         0     1 1 
What can be done to protect 
yourself (including your 
home) from lightning 
  
          0 0 0 0 
Use everyday knowledge: Stay indoors 1 9 3 1 6 3 2 7 32 
  Stay in a car           1   1 2 
  
Unplug all appliance and 
equipment that uses electricity 9 6 0 0 9 3 8 11 46 
  Cover mirrors 1 6 6 6 2 2 0 3 26 
Use Indigenous knowledge Pray 1 1 10 1 1 1 1 3 19 
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systems: 
  Lay on the ground           1   0 1 
  Avoid metal objects         4 2 1 5 12 
  Avoid trees         3 2   4 9 
  Use muti 1 2 2 1 5 1 2 2 16 
  Traditional healing 1 6 3 1 2 1   1 15 
  Avoid red clothing               0 0 
Scientifically: Stay indoors 4 4 4 3 5 1 2 4 27 
  Wear rubber shoes 7 2 2 4 7 3 7 11 43 
  
Stay away from electrical 
conductors 1 5 1 1 2 2 1 3 16 
  Put a tyre on your roof 6 2 1 4 9 3 8 15 48 
  Stay in a car 1 1 3 2 2 2 1 5 17 
  
Stay out of open ground areas 1 8 10 1 1 2 1 4 28 
Do you think that sharing and 
testing everyday knowledge 
and indigenous knowledge 
Yes, it allows you to expand 
your knowledge and 
understanding of lightning 
9 6 3 7 8 6 9 16 64 
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about lightning add value to 
your (or your learners’) 
understanding of the 
phenomenon of lightning? 
Explain your answer. 
  
Yes, learn about the culture of 
your friends/ classmates 
2 3 9 1  3 1 6 25 
  
It helps to get rid of wrong 
ideas of lightning 
 2 5      7 
  
Yes, everyone has 
different opinions 
    2    2 
 No, some cultures have 
silly beliefs 
 2   1   1 4 
 No, not everybody agrees 
with eh beliefs of other 
cultures 
 1 4  3    8 
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Which of the following 
statements are true and which 
is false? 
  
TRUE  TRUE TRUE TRUE TRUE TRUE TRUE TRUE TOTAL 
Lightning never strikes the 
same place twice 
  
5 2 3 9 14 6 7 8 54 
If it’s not raining or there 
aren’t clouds overhead, you’re 
safe from lightning. 
  
5 3 4 4 5 4 4 6 35 
Rubber tires on a car protect 
you from lightning by 
insulating you from the 
ground 
  
11 14 16 12 16 6 7 7 89 
The human body does not 
store electricity. It is perfectly 
safe to touch a lightning 
victim to give them first aid. 
  
3 3 6 3 1 1 1 1 19 
If outside in a thunderstorm, 
you should seek shelter under 
a tree to stay dry 
  
0 0 5 1 1 0 3 2 12 
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A house is a safe place to be 
during a thunderstorm as long 
as you avoid anything that 
conducts electricity 
  
12 14 15 12 17 7 9 13 99 
Structures with metal, or metal 
on the body (jewellery, cell 
phones,Mp3 players, watches, 
etc), attract lightning. 
  
10 14 16 12 18 7 10 12 99 
If trapped outside and 
lightning is about to strike, I 
should lie flat on the ground. 
  
8 1 14 7 6 0 4 4 44 
The colour red doesn't attract 
lightning. 
  8 11 3 8 14 3 2 6 55 
Covering the mirrors in a 
house won't make a difference. 
  5 11 6 3 5 4 5 6 45 
Syringa trees aren't more 
strike-prone than other tree 
species of similar height 
  
4 3 7 3 8 3 4 3 35 
A tyre on the roof won't drive 
lightning away 
  8 12 4 7 13 2 4 9 59 
Some people can control 
lightning 
  1 1 5 2 3 1 3 6 22 
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APPENDIX H 
 
Checklist for Teachers 
Research Project: Teaching and learning electrostatics using indigenous knowledge, 
everyday knowledge and scientific argumentation 
 
Please note: Answer question 1 & 2 with the knowledge you had before this intervention 
strategy. 
1. You were fully aware of the need to integrate IKS into your teaching. 
Strongly 
Disagree 
Disagree No Opinion Agree Strongly Agree 
 
2. The Department of Education gave you the necessary support and teaching strategies 
to integrate Indigenous knowledge into your classroom practice. 
Strongly 
Disagree 
Disagree No Opinion Agree Strongly Agree 
 
3. This intervention strategy will help you to integrate IKS into your classroom 
practices. 
Strongly 
Disagree 
Disagree No Opinion Agree Strongly Agree 
 
4. This intervention strategy had a positive impact on your : 
4.1 Motivation (Your desire or 
willingness to teach science) 
Strongly 
Disagree 
Disagree 
No 
Opinion 
Agree 
Strongly 
Agree 
4.2 Confidence (You feeling certain/good 
about the truths of science in your teaching 
practice) 
Strongly 
Disagree 
Disagree 
No 
Opinion 
Agree 
Strongly 
Agree 
4.3 Commitment (Your dedication/ 
application towards teaching science) 
Strongly 
Disagree 
Disagree 
No 
Opinion 
Agree 
Strongly 
Agree 
 
5. Using scientific argumentation to Integrate IKS could improve the learners 
achievement and  understanding of the concept of lightning, 
• PO Box 77000 •  Nelson Mandela Metropolitan University 
• Port Elizabeth • 6031 •  South Africa •  www.nmmu.ac.za 
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Strongly 
Disagree 
Disagree No Opinion Agree Strongly Agree 
 
6. Indigenous knowledge (i.e. cultural beliefs and practices) can be regarded as scientific 
knowledge. 
Strongly 
Disagree 
Disagree No Opinion Agree Strongly Agree 
 
Thank you for participating and completing this checklist.  
Ernest Loggenberg  
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APPENDIX H-1  
ANALYSIS OF CHECKLISTS FOR TEACHERS 
 
1 2 3 4 5 
  
St
ro
n
gl
y 
D
isa
gr
ee
 
D
isa
gr
ee
 
N
o
 
O
pi
n
io
n
 
A
gr
ee
 
St
ro
n
gl
y 
A
gr
ee
 
      
TOTAL 
RESPONSES 
Statement 1 2 3 4 5 6 7 8 
St
ro
n
gl
y 
D
isa
gr
ee
 
D
isa
gr
ee
 
N
o
 
O
pi
n
io
n
 
A
gr
ee
 
St
ro
n
gl
y 
A
gr
ee
 
You were fully aware of the need 
to integrate IKS into your teaching 
4 5 4 5 4 5 5 4 0 0 0 4 4 
The Department of Education 
gave you the necessary support 
and teaching strategies to integrate 
Indigenous knowledge into your 
classroom practice. 
2 2 3 1 1 1 1 2 4 3 1 0 0 
This intervention strategy will 
help you to integrate IKS into 
your classroom practices. 
4 5 5 5 4 5 5 5 0 0 0 2 6 
This intervention strategy had a 
positive impact on your  
                          
Motivation 3 5 5 4 4 4 4 5 0 0 1 4 3 
Confidence 3 5 5 5 5 4 5 5 0 0 1 1 6 
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Using scientific argumentation to 
Integrate IKS could improve the 
learners achievement and  
understanding of the concept of 
lightning 
4 5 5 5 4 5 5 4 0 0 0 3 5 
Indigenous knowledge (i.e. 
cultural beliefs and practices) can 
be regarded as scientific 
knowledge. 
3 4 2 3 5 5 4 5 0 1 2 2 3 
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APPENDIX J       
WORKSHOP - HANDOUT TO PARTICIPANTS 
 
Activity 1:  MODELLING THE PROCESS OF DIALOGICAL ARGUMENTATION 
   Reflecting on a newspaper article  
Activity 1.1  Read the following article.    
Mum blames a witch! 
Mother blames a witch as her son (the referee) was struck by lightning 
          By Yoliswa Sobuwa 
Incidents of lightning strikes involving severe injury and death to people and livestock, 
damage to property and communication systems appear regularly in the press. 
The following account appeared in the Daily Sun on Monday 4 February 2008. 
“I was suddenly surrounded by blinding white light....I was in great pain....I remember 
nothing more.” 
Those were the words of a soccer referee who survived being struck by lightning. He is 
feeling much better now and is grateful he’s still alive. But his mother insists that it was an 
attempt by a witch to kill him! 
The ref, Kagiso Sello (24), said: “ I fell over and then I don’t remember anything until I 
was in a strange house...” 
The bolt from above struck him while he was in charge of a soccer match in Bloemfontein, 
Free State, on Sunday a week ago. 
Spectators in speaking to the Daily Sun said that they had never seen anything like it in 
their lives! The Glen team were playing against the Mighty Blues in a local friendly. 
Sipho Sibuzo, coach of the Mighty Blues said “It started drizzling...We did not think it was 
anything serious, so we continued with the game. The strange thing was that it was raining 
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in our vicinity only” “And all of a sudden the ref was surrounded by light and he was 
down”, Sipho said. 
Kagiso’s clothes were torn as if someone had used scissors to rip them! 
The unconscious match official was rushed to a nearby house – and from there to hospital. 
Kagiso’s mum, Masentle Mokobi (48), said: “When I got to him he was still in hospital, but 
he was fine.” Someone wanted my child dead because he was the only one struck by 
lightning.” “That usually happens when the lightning is sent by a powerful witch,” she 
said. 
Kagiso has been discharged from the Polonomi Hospital. He cannot walk properly yet as is 
legs are still swollen. And he has burns on his back and on his legs. He remembered that 
he tried to stop the match when it started raining – but the players brushed him off, saying 
that it would soon stop. 
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Activity 1.2  Answer the questions that follow 
In each instance state the case by framing your answer in the form of an argument based on 
(TAP) Toulmin’s Argumentation Pattern which states that a claim must be supported be 
reasons or grounds. Additional evidence may follow in the form of warrants, backings, 
qualifiers, counterclaims and/or rebuttals.  
1.2.1  What or whom did Masentle Mokobi blame when her son was struck by lightning? 
  State your answer as a claim. 
 
 
1.2.2. What evidence/ data/ reasons/ grounds did Masentle use to support her claim? 
(because...) 
 
 _________________________________________________________________________ 
1.2.3 What assumptions does Masentle refer to as a warrant to support the data? State your 
answer as a warrant. (Because/since/ and so ....)  
__________________________________________________________________________ 
 
____________________________________________________________________________________________________________________________________________________________________________ 
 
 1.2.4. What effect did the lightning have on Kagiso’s body and on his clothes? 
 
 
 
     
_________________________________________________________________________ 
1.2.5. Based on the circumstances of the incident, the coach Sipho Sobuwa’s account and the 
type of injuries Kagiso sustained what scientific explanation would you propose as to the 
cause of the accident? State your answer as a rebuttal to Masentle’s claim. 
 
   _________________________________________________________________________ 
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Activity 1.3  Reaching Consensus 
Review the questions 1.2.1, 1.2.2, 1.2.3 and 1.2.5. Record the consensus view on the supplied 
sentence strips and display prominently in the classroom.  
1.2.1 Claim: 
 
 
1.2.2 Reasons:  
 
 
1.2.3 Warrant:  
 
 
1.2.5 Rebuttal: 
 
 
Activity 2 
You Tube Videos 
• Senior Physics: Electrostatic Induction     Time: 10 min  
http://www.youtube.com/watch?v=pJ36EtABLAk 
• How to make an electroscope?      Time: 5 min 
http://www.youtube.com/watch?v=2PmWlPjV6n0&feature=related  
• Inductive Charging using an electroscope     Time: 5 min 
http://www.youtube.com/watch?v=-JsVZwc1dOo&feature=relmfu  
• Static Electricity and water       Time 2 min 
http://www.youtube.com/watch?v=VhWQ-r1LYXY&feature=related 
 
Activity 3   - Practical Work:  
   ISSUES WITH REGARD TO LIGHTNING (page 8)
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Activity 4 – ARGUMENTATION IN A SCIENTIFIC CONTEXT 
 
Activity 4.1 Read the following information 
 
What is Static Electricity? 
by Science Made Simple 
http://www.sciencemadesimple.com/static.html  
Copyright © 1995-2009 by Science Made Simple, Inc. 
 
 
Everything we see is made up of tiny little parts called atoms. The atoms are made of even 
smaller parts. These are called protons, electrons and neutrons. They are very different from 
each other in many ways. One way they are different is their "charge." Protons have a 
positive (+) charge. Electrons have a negative (-) charge. Neutrons have no charge.  
Usually, atoms have the same number of electrons and protons. Then the atom has no charge, 
it is "neutral." But if you rub things together, electrons can move from one atom to another. 
Some atoms get extra electrons. They have a negative charge. Other atoms lose electrons. 
They have a positive charge. When charges are separated like this, it is called static 
electricity.  
If two things have different charges, they attract, or pull towards each other. If two things 
have the same charge, they repel, or push away from each other.  
 
 
So, why does your hair stand up after you take your hat off? When you pull your hat off, it 
rubs against your hair. Electrons move from your hair to the hat. Now each of the hairs has 
the same positive charge. Things with the same charge repel each other. So the hairs try to 
move away from each other. The farthest they can get is to stand up and away from all the 
other hairs.  
If you walk across a carpet, electrons move from the rug to you. Now you have extra 
electrons. Touch a door knob and ZAP! The electrons move from you to the knob. You get a 
shock.  
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CONSERVATION OF CHARGE 
When we charge something with static electricity, no electrons are made or destroyed. No 
new protons appear or disappear. Electrons are just moved from one place to another. The 
net, or total, electric charge stays the same. This is called the principle of conservation of 
charge.  
 
COULOMB'S LAW 
Charged objects create an invisible electric force field around themselves. The strength of this 
field depends on many things, including the amount of charge, distance involved, and shape 
of the objects. This can become very complicated. We can simplify things by working with 
"point sources" of charge. Point sources are charged objects which are much, much smaller 
than the distance between them.  
Charles Coulomb first described electric field strengths in the 1780's. He found that for point 
charges, the electrical force varies directly with the product of the charges. In other words, 
the greater the charges, the stronger the field. And the field varies inversely with the square of 
the distance between the charges. This means that the greater the distance, the weaker the 
force becomes. This can be written as the formula:  
F = k (q1 X q2) / d2 
 
where F is the force, q1 and q2 are the charges, and d is the distance between the charges. k is 
the proportionality constant, and depends on the material separating the charges.  
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Activity 4.2  Answer the questions that follow 
In each instance state the case by framing your answer in the form of an argument based on 
(TAP) Toulmin’s Argumentation Pattern which states that a claim must be supported be 
reasons or grounds. Additional evidence may follow in the form of warrants, backings, 
qualifiers, counterclaims and/or rebuttals.  
4.2.1  What happens when two negatively charged objects are brought close to each other? 
  State your answer as a claim. 
 
 
 
4.2.2. What evidence/ data/ reasons/ grounds can you give to support her claim? (because...) 
 
 _________________________________________________________________________ 
4.2.3 What assumptions can serve as a warrant to support the data? State your answer as a 
warrant. (Because/since/ and so ....)  
__________________________________________________________________________ 
 
 
____________________________________________________________________________________________________________________________________________________________________________ 
 
 4.2.4. What is meant by the conservation of charge? 
   
   
____________________________________________________________________ 
 
4.2.5. Can you state a rebuttal to the claim in 2.2.1?  
 
   _________________________________________________________________________ 
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Activity 4.3  Reaching Consensus 
Review the questions 4.2.1, 4.2.2, 4.2.3 and 4.2.5. Record the consensus view on the supplied 
sentence strips and display prominently in the classroom.  
4.2.1 Claim: 
 
 
4.2.2 Reasons:  
 
 
4.2.3 Warrant:  
 
 
4.2.5 Rebuttal: 
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ISSUES WITH REGARD TO LIGHTNING     
Name:________________________________ Grade: 10 ____ Date: __________ 
          Time: 30 Minutes 
1. Explain the dangers of lightning using you knowledge on electrostatics. 
 
 
 
 
 
 
2. Study the depictions below, and answer the questions that follow. 
 
 
 
 
 
 
 
 
 
 
 
(2a) What high risk (possibly dangerous) activities do you see in the pictures? 
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(2b) For each dangerous activity identified in question (2a); suggest a safer alternative. 
 
 
 
 
3. Use electrostatics to substantiate your answer to the following questions: 
 
Why did your parents tell you not to: 
(a) Play outside the house during lightning storm.  
 
 
 
(b) Touch water, swimming or playing with water during lightning storm.  
 
 
 
(c) Touch metals or be near the fence during lightning storm.  
 
 
 
(d) Use electrical appliances like TV or telephone during lightning storm.  
 
 
 
 
(e) Sit under the trees, especially tall ones during lightning storm.  
 
 
237 
 
4. Why do lightning usually strike cooking huts, especially in rural areas?  
 
 
 
 
5. Use your understanding of induction to decide whether a motor car tyre put on the roof of the 
house can protect that house from lightning or not. 
 
 
 
 
6. Use your understanding of electrostatics to decide whether you agree with the following ideas 
about lightning or not. Please explain why you agree or why you don’t agree. You may need an 
extra page for this question. 
 
 Statement True/False 
a Lightning is a large spark.  
b Lightning is a natural phenomenon.  
c Lightning is caused by witches  
d Lightning only occurs when it rains  
e Natural lightning cannot strike or kill a person  
f During a lightning storm you must not wear red clothes  
g To protect your house from lightning you must not use a corded 
phoned during a thunder storm. 
 
h To protect your house from lightning you must consult a traditional 
doctor who will give you traditional medicine 
 
i To protect your house from lightning you must use a lightning 
conductor 
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APPENDIX K 
Integrated Teacher Journal Summaries 
1. Explain your ability to integrate argumentation into your teaching of electrostatics 
 
Educator 1: (Former so-called Coloured school serving mainly a black isiXhosa 
community) 
Argumentation is a useful tool, but it must be used in conjunction with other traditional 
teaching methods. 
Educator 2: (Rural dual medium school) 
The workshop helps me a lot give me the skills to use the method of dialogical 
argumentation. 
Educator 3: (Former model C school) 
It was customary for me to lead learners into thinking the way I wanted them to think. 
Having them use their own knowledge, sharing with one another and argumentation made 
my role so much easier. 
Educator 4: (Dual medium school) 
I have now seen the topic provides an opportunity for argumentation due to learners’ prior 
knowledge. 
Educator 5: (Afrikaans medium – former Coloured school) 
It was easier to integrate electrostatics to other units and subjects from gr 9 to 10 and in gr 
10 there knowledge of electrostatics was very weak. 
Educator 6: (Black township school) 
Integrating argumentation provide a better understanding of the concepts and the 
processes of science.   Where, in the past, I relied primarily on my previous content 
knowledge, now I use argumentation to evaluate the validity of an explanation. 
Educator 7: (So called Coloured teacher in a township (isiXhosa) school) 
In my teaching I am now more alert of the fact that learners are having everyday 
knowledge & cultural knowledge which can be used as a vehicle to improve their ability 
to make a scientific argument. 
Educator 8: (Black township school) 
It gave me the ability to successfully integrate IKS. 
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2. How did the learners’ participation and enthusiasm change when you implemented 
scientific argumentation to integrate their everyday – and indigenous knowledge into the 
teaching of electrostatics? 
Educator 1: Participation: Some of the shy learners were initially apprehensive to voice 
their opinions, but as the discussions progressed, they became more involved and started 
to participate fully.  
Enthusiasm: At the start showed a great measure of enthusiasm. This seem to decrease 
towards the end. 
Educator 2: They participate and were eager, because they need to explain and give 
reasons for their beliefs-systems. Give evidence and collect data. 
Educator 3: They responded with great eagerness and enthusiasm. The quiet, 
unresponsive ones in class are also eagerly participating and gaining a lot more 
knowledge and understanding.  
Educator 4: Their participation & enthusiasm improved as the process helps learners to 
see that the knowledge that they already have contributes to the creation of new 
knowledge. It helps them to see what the teacher teaches them is not the only a source of 
new knowledge. It also improves their confidence. 
Educator 5: The learners were more focussed on the subject. They were more keen to 
respond. 
Educator 6: Provides learners with strategies for resolving questions, issues, and 
differences of opinion.   
Educator 7: Previously learners normally struggled with scientific argumentation because 
it is not common practice in class. Now learners are able to distinguish between scientific 
reasoning and what is commonly known. 
Educator 8: After they mastered the process, they should an improvement in their 
understanding of lightning. 
 
3. In your opinion and experience, how did the intervention strategy impact on the learners’ 
argumentation ability? 
Educator 1: Most learners realised that when they stated their claims and ideas, they had 
to provide or evidence to justify their claims. This eliminated unnecessary questions and 
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argumentation. However there were two learners who could not provide justification for 
their beliefs and were unwilling to accept possible explanations or answers. 
Educator 2: They learn a lot, teaching became a learning experience through the method 
of dialogical argumentation. They master the skill, because for every claim or statement 
they must explain and give reasons.  
Educator 3: Learners are no longer irresponsive. Learners are no longer shy because they 
know that no matter what they contribute, it can still be valuable in the end. 
Educator 4: I think the fact that the learner is taught a structure for argumentation, can 
only improve their argumentation ability, because it means that their arguments will be 
given in a more logical way.  
Educator 5: The learners were more challenged. They confronted each other with more 
questions and answers 
Educator 6: Equipping learners with capacities for reasoning about problems and issues 
Educator 7: Learners have the ability to use their existing knowledge to present a 
scientific argument. Interaction amongst learners further boosts their confidence in 
presenting their stance. 
 
Educator 8: They show an improved level of reasoning as their argumentation ability 
increased. 
 
4. In your opinion and experience, how did the intervention strategy impact on the learners’ 
motivation? 
Educator 1: There was no significant impact on learners’ motivation. Learners simply do 
what is required of them. (No intrinsic motivation). 
Educator 2: They were motivated, because I introduced new method of teaching. They 
were confident, because they need to explain their IKS. 
Educator 3: “Sir, we must do this every lesson.” Enthusiasm among learner was 
overwhelming. We as teachers have to be very weary by constantly intervening to prevent 
the process from dragging on for too long and waste time. 
Educator 4: As I have previously mentioned, if the learner feels that he/she can 
contribute to the creation of new knowledge, I think their motivation will also improve. 
They will start to see that learning isn’t a passive process. 
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Educator 5: The learners were much more motivated as they  knows the dangers of 
lightning and how it is formed. 
Educator 6: Learners are motivated due to their ability to critically examine information 
they are confronted with in their everyday lives.  Learners are able to assess alternatives, 
consider evidence, interpret text, and evaluate knowledge. 
Educator 7: Improvement in their ability to critically analysing any written document. 
Educator 8: Their active participation, let to greater confidence and higher levels of 
motivation.  
 
5. In your opinion and experience, how did the intervention strategy impact on the learners’ 
achievement? 
Educator 1: Unfortunately, those learners mentioned in 3 showed no growth in 
understanding. It must be mentioned that these learners are under-achievers in most of 
their subjects. 
 
Educator 2: Their results improve, they learn from each other and developed through the 
process of dialogical argumentation. Slogan OR Holy words are: Why, explain, give 
reasons, provide evidence. 
Educator 3: Learners’ responses show that there is a far better understanding of the 
scientific explanation after debating their previous indigenous knowledge. 
Educator 4: I cannot say that the intervention has had an immediate effect on the 
learners’ achievement, but I think it can improve the learners’ overall attitude and 
approach towards the subject of physical science it could have good long term effects on 
the learners’ achievement. 
Educator 5: The learners had a better understanding of electrostatics and they could 
answer different questions, they also now know what to do when lightning strikes. 
Educator 6: Learners ability to understand how they have come to know and why we 
believe what they know boost their confidence. 
Educator 7: Learners are able to use the intervention strategy in other subjects e.g. Life 
Science, Languages, etc. 
Educator 8: Achievement in electrostatics improved, but the learners failed to apply 
argumentation in the other topics and thus overall achievement did not improve. I feel 
that my learners need more encouragement to apply argumentation in all topics.  
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APPENDIX L-1 
TRANSCRIPTION OF INDIVIDUAL INTERVIEWS WITH TEACHERS  
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 1:  (Former so-called Coloured school) I hardly ever used IKS in the classroom 
except when the textbook required it. 
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your:  (a) Ability to present the work using scientific argumentation  
Educator 1: It helped me to reinforce certain scientific concepts, but it must be used in 
conjunction with traditional teaching methods, otherwise the desired results will not be 
obtained. 
Researcher: (b)   Motivation 
Educator 1: It had a positive effect on my ability to integrate IKS, but if more time was 
allocated, scientific argumentation could deliver more favourable results, because it is a 
useful tool. In practice however it is unlikely that educators will be able to complete the 
syllabus when using IKS and the argumentation process in the classroom.  
Researcher: (c) Confidence: 
Educator 1: I now feel equipped to integrate IKS into my teaching strategy, but due to the 
heavy workload on teachers, I doubt whether such a process or strategy would be sustainable 
considering the cumbersome nature of the current syllabus or work schedule. 
 
 
Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
Educator 1: Some of the learners were initially apprehensive to voice their opinions, but as 
the discussion progressed, they became more involved and started to participate fully. 
243 
Researcher: (b) Ability to use argumentation? 
Educator 1: Most learners realized that when they shared their ideas or claims with others, 
they had to provide proof or evidence to justify their claims or ideas. This eliminated 
unnecessary discussions. However, there were two learners who could not provide 
justification for their cultural beliefs or claims and they were unwilling to accept possible 
explanation or answers. 
Researcher: (c) Motivation? 
Educator 1: Generally my learners only do the minimum of what is required of them. There 
was no significant impact on the learners’ motivation.  
Researcher: (d) Confidence? 
Educator 1: As the argumentation progressed, uhmm...learners became more confident to 
voice their opinions. As I also teach Life Sciences, I have noted that this new found 
confidence seemed to spill over into other subjects. Some started to voice their opinion about 
certain aspects for example questioning the theories of evolution, of continental drift, etc. 
 
Researcher: (e) Achievement? 
Educator 1: Unfortunately, the two learners mentioned earlier showed no growth in 
understanding since they did not want to entertain or accept any of the scientific explanation 
offered by other learners.  A few learners also struggled to grasp the concept of the origin of 
lightning. They too showed no significant growth in understanding. 
It must be mentioned that these learners are underachievers in most of their subjects, but the 
bulk of the learners that fully participated in the argumentation process had higher levels of 
achievement.  
 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
Educator 1: Firstly, reduce the workload or content of the work schedule. You could also 
have training sessions or workshops for those teachers who are not familiar with IKS just to 
observe an expert in the field. 
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ANNEXURE L - 2 
Individual Interviews with Teachers  
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 2: (Rural Afrikaans medium school). Initially, I was not very keen, because I have 
different ethnic groups which have historical ties to different groups in my class. I was afraid 
of confrontation, but to my surprise learners enjoyed it to learn about each other’s belief 
systems. 
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your: (a) Ability to present the work using scientific argumentation. 
Educator 2: I did not see the IKS as an opposition to the general so-called Western 
knowledge system It was easy, because that the two knowledge systems can be integrated, 
because they are not irreconcilable. In some cases what the community beliefs in is what I 
teach in class in a scientific way.  
Researcher: (b)   Motivation 
Educator 2: Myself and the learners were very much motivated, because teaching and 
learning became enjoyable, it was a learning experience. We learn from each other; learners 
learn from learners, teacher learns from learners and learners learn from teacher. Once you 
have made a statement or claim something you need to explain, while the other will question 
your claim or statement. Why? Give reasons. Provide evidence.  
 
Researcher: (c) Confidence: 
Educator 2:.All of us was very confident, because you heard your own belief system being 
discussed. You had to explain yourself to others. Nothing was right or wrong as long as you 
explained yourself and give reasons why you believe what you believe.  
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Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
Educator 2: All learners participated and explained their IKS to others in the class. 
Researcher: (b) Ability to use argumentation? 
Educator 2: They knew how to relate the claims to the data. 
Researcher: (c) Motivation? 
Educator 2: They were all motivated as they all shared their claims with explanations and 
reasoning. 
Researcher: (d) Confidence? 
Educator 2: Learners were very much confident. 
Researcher: (e) Achievement? 
Educator 2: The learners’ results improved, because they learnt from each other and through 
a process of Dialogical Argumentation. 
 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
Educator 2: There are multiple intelligences to explain the same thing, for example lightning. 
We have to value IKS. The DoE must be convinced that there are different approaches to 
explain the same thing. The western world has only valued logical, mathematical abilities and 
rated people accordingly, but there is a wide diversity of knowledge systems in South Africa. 
The CAPS must include IKS as it is rich and contains the heritage of South Africa. 
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ANNEXURE L - 3 
Individual Interviews with Teachers  
 
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 3: (In model C School) 
Very uncomfortable. My prior knowledge and exposure to indigenous explanations of 
electrostatics was very bad. I considered it too sensitive to get involved without embarrassing 
them.  
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your:  (a) Ability to present the work using scientific argumentation  
 Educator 3: I could now step aside and let the learners take the lead and initiative by 
sharing, and arguing among themselves. 
Researcher: (b)   Motivation 
Educator 3: Sharing and arguing among themselves motivated them. 
Researcher: (c) Confidence: 
 Educator 3: Learners could confidentiality report the outcomes of their argument. 
Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
Educator 3: Even the ones, who normally do not respond, participated. 
Researcher: (b) Ability to use argumentation? 
Educator 3: Learners stood up boldly for what they believed. 
Researcher: (c) Motivation? 
Educator 3: The exercise made the learners more motivated. 
Researcher: (d) Confidence? 
Educator 3: The learners were very confident. 
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Researcher: (e) Achievement? 
Educator 3: The learners have a better understanding. 
 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
Educator 3: It was customary for me to lead the learners into thinking scientifically only. 
Tests should be set so that learners could answer questions based on indigenous knowledge of 
different cultural groups. 
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ANNEXURE L - 4 
Individual Interviews with Teachers  
 
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 4: Honestly speaking, IKS was not something I really even considered during my 
teaching. I think the reason for this may be that I’m not 100% comfortable with this kind of 
knowledge due to the fact that it’s less reliable. This kind of knowledge isn’t as readily 
available as Western knowledge.  
I think that the study has made me aware of the fact that this kind of knowledge could act as a 
barrier for the learners’ learning and therefore needs to be taken into account when planning 
lessons. 
 
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your:  (a) Ability to present the work using scientific argumentation  
 
Educator 4: As I have said in the journal summary, the fact that one is made aware of a fixed 
structure for argumentation makes the whole thing seem more plausible. I think the structure 
would make me feel more comfortable with using argumentation because my learners will 
also be aware of the structure, and therefore I will be able to control the situation better in my 
class, when I open the floor for argumentation. 
 
Researcher: (b)   Motivation 
Educator 4: I think I will be more motivated to integrate IKS, firstly because I have been 
made aware of its impact on learning and because I have been a method in which I can 
integrate it in an organised, structured way.  
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Researcher: (c) Confidence: 
Educator 4: The structure of the argumentation strategy automatically makes me more 
confident. I think will reach its peak when I have more of this kind of knowledge, presented in 
a concrete manner, at my disposal. 
 
Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
Educator 4: The learners are more willing to participate, because argumentation creates a 
setting in which the learners feel that they have something to contribute. 
 
Researcher: (b) Ability to use argumentation? 
Educator 4: The learners’ ability to use argumentation would improve because IKS is a type 
of knowledge that the learners will probably feel more comfortable with. The learners will 
therefore feel more confident to use the knowledge they already have as a basis for 
argumentation. The learners will have more conviction when arguing. 
  
Researcher: (c) Motivation? 
Educator 4: The learners are more motivated when using argumentation because they are 
made to feel that they have an active role to play in their learning and they are made to feel 
that they have something to contribute. 
 
Researcher: (d) Confidence? 
Educator 4: It improves the learners’ confidence in the subject, because the subject of 
Physical Science is not a subject that always agrees with what the learners are naturally 
inclined to believe or always understand. 
Researcher: (e) Achievement? 
Educator 4: The learners’ sense of achievement will improve if they feel that they have 
helped to build or grow their own knowledge. 
 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
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Educator 4: I think that I will feel more comfortable using this kind of knowledge as a 
common practice in my classroom, only if a more concrete compilation of this kind of 
knowledge can be made available for my use. 
This knowledge will only truly be integrated into teaching if there are specific sections of this 
knowledge integrated into the syllabus. If not, I feel that it might be unnecessary, or I will see 
it as something that will only be considered if time allows for it or use it as a bonus. 
It should be integrated into the textbooks, in such a way that there is a balance between more 
accepted scientific knowledge and IKS. 
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ANNEXURE L - 5 
Individual Interviews with Teachers  
 
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
 
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 5: Not very comfortable at first, I had no prior knowledge of Indigenous 
knowledge systems. 
 
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your:  (a) Ability to present the work using scientific argumentation  
Educator 5: Without IKS it was difficult to teach electrostatics, but after attending the 
workshop, I was better equipped to present the lessons. 
 
Researcher: (b)   Motivation 
Educator 5: At first, not much motivated, but after IKS more motivated, I could reach the 
children better.  
 
 Researcher: (c) Confidence: 
Educator 5: After obtaining IKS I was more confident in presenting lessons. 
 
Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
Educator 5: At first participation was limited, but as the process unfolded, the learners 
participated well as they had different beliefs.  
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Researcher: (b) Ability to use argumentation? 
Educator 5: There was much more to argue about as the learners came from different beliefs, 
but after the process of argumentation, we reached an agreement.  
 
Researcher: (c) Motivation? 
Educator 5: The learners were more motivated after being allowed to integrate their IKS and 
by using the argumentation process. 
 
Researcher: (d) Confidence? 
Educator 5: The learners were more confident. 
Researcher: (e) Achievement? 
Educator 5: The enjoyed the process but they have not been able to translate it into greater 
achievement. 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
Educator 5: All teachers and work groups should be exposed to IKS as we are from different 
cultures and beliefs. 
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ANNEXURE L - 7 
Individual Interviews with Teachers  
 
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 7: (So called Coloured teacher in a township (black African) school): The IKS is 
not familiar to me, hence my lessons was only related to the achievement of the intended 
academic content and skills. 
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your:  (a) Ability to present the work using scientific argumentation  
Educator 7: My lessons is now not necessarily related to the achievement of the intended 
content or skills required by the curriculum but is related to the set of cultural practices, 
beliefs and values held by the local community in which my school recites. 
 
Researcher: (b)   Motivation 
Educator 7: Integration not only promoted the argumentation and science dialogue of 
learners in the classroom but also my own as their teacher.  
 
 Researcher: (c) Confidence: 
Educator 7: Confidence is gained because I learned how to implement group discussions 
effectively and do rapid explanations before arranging effective implementation of IKS in the 
classroom.   
 
Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
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Educator 7: Provides learners with strategies for resolving questions, issues, and differences 
of opinion.   
 
Researcher: (b) Ability to use argumentation? 
Educator 7: Equipping learners with capacities for reasoning about problems and issues. 
Learners are able to assess alternatives, consider evidence, interpret text, and evaluate 
knowledge.   
 
Researcher: (c) Motivation? 
Educator 7: Learners are motivated due to their ability to critically examine information they 
are confronted with in their everyday lives.  
 
Researcher: (d) Confidence? 
Educator 7: Learners’ ability to understand how they have come to know and why we 
believe what they know boost their confidence. 
Researcher: (e) Achievement? 
Educator 7: Scientific literacy provide a learning environment that both promotes and 
facilitates learners ability to construct structure, represent and to assessment knowledge.   
 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
Educator 7: Schools context are different hence teachers need to be workshop around the 
different Indigenous Knowledge Systems which prevails in the regions where there schools 
recite.  
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ANNEXURE L - 8 
Individual Interviews with Teachers  
 
The date is --------October and the time is exactly ___________ and I am interviewing 
respondent number _____. 
Sir/Madam, please afford me the opportunity to thank you for participating in this study. I 
truly do appreciate your participation. 
Thank you, let’s start  
Researcher: Question 1: Before participating in this study, explain how comfortable you 
were to integrate Indigenous Knowledge Systems into your teaching practice? 
Educator 8: I was not comfortable because a lacked the confidence to integrate IKS into my 
lessons. 
Researcher: Question 2: What impact did the argumentation strategy (the workshop) have on 
your integration of Indigenous Knowledge Systems (IKS) into your teaching practice with 
regard to your:  (a) Ability to present the work using scientific argumentation  
Educator 8: Using argumentation to present electrostatics worked well, but I have not 
applied it to present other lessons due to time constraints. 
 
Researcher: (b)   Motivation 
Educator 8: The learners were very excited and they participated well. 
 
 Researcher: (c) Confidence: 
Educator 8: As I have said the participated well, and this meant that they were confident. 
Researcher: Question 3: In your opinion, how did the integration of the learners’ IKS and 
the argumentation process impact on the learners’: (a) Interactive participation? 
Educator 8: It gave the learner confidence to participate freely. 
Researcher: (b) Ability to use argumentation? 
Educator 8: The integration of the learners’ beliefs help to improve the learners 
understanding and application of argumentation  
Researcher: (c) Motivation? 
Educator 8: The learners showed their motivation by participating freely. 
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Researcher: (d) Confidence? 
Educator 8: Argumentation improved the learners’ confidence. 
Researcher: (e) Achievement? 
Educator 8: The learners’ achievement in electrostatics improved. 
 
Researcher: Question 4: What should be done to ensure that IKS integration becomes 
common practice in South African Science classrooms?  
Educator 8: More workshops for teachers to learn about the beliefs of all the people in the 
area around the school. 
 
 
